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Studies on Polymerization and Depolymerization of «-Caprolactam 


Polymer. [X*. 


Reformation Reaction of <-Caprolactam from 


Poly-<-capramide 


By Naoya OGATA 


(Received January 24, 1961) 


The mechanism of the polymerization reac- 
tion of e-caprolactam in the presence of water 
has been studied in detail by many investiga- 
tors'-. It has been generally accepted that 
the initial reaction of the polymerization is 
caused by the hydrolysis of <-caprolactam and 
that the chain growth occurs mainly through 
the addition of e-caprolactam to -NH)» end- 
groups, being catalyzed by -COOH end-groups. 
If this mechanism is correct, ¢«-caprolactam is 
reformed in the depolymerization § reaction 
rolling out successively from -NH» end-groups 
of the polymer chain because the polymeriza- 
tion is an equilibration reaction. Therefore, 
no e-caprolactam can be expected from poly- 
e-capramide having modified end-groups. In 
the previous paner’?, however, it was presumed 
that the addition reaction of ¢-caprolactam 
would take place even on amide groups near 
the center of the polymer chain. In this case 
the reverse process of this intramolecular 
amide-interchange reaction called “ Einrollung 
Reaktion ” '? as shown below is responsible for 
the reformation of <-caprolactam from poly-<- 
capramide. 


CONH -CONH 
(CH2); 
CONH CONH 
'-(CH2); 


Experimental 


e-Caprolactam with water content less than 0.01% 
was polymerized in the presence of 1/20, 1/50 or 
1/100 mol./mol. of hexamethylenediamine or adipic 
acid at 257°C. Polymers were washed with boiling 
water, and then heated in a phase at 180 C 
for 10hr. at | mmHg pressure. The analytical 
results of the polymers having almost exclusively 
NH: or -COOH end-groups thus obtained are 
shown in Table I. The polymer having -NH2 end- 


, 
solid 


VIII, This Bulletin, 33, 1584 (1960). 

1) F. Wiloth, Kolloid-Z., 144, 58 (1955) ; 
11, 78 (1957) 

2) P. H. Hermans, D. Heikens and P. F 
J. Polymer Sci., 30, 81 (1958); 44, 437 (1960) 

3) A. V. Tobolsky and A. Eisenberg, J. Am. Chem. 
Soc., 81, 2302 (1959) 

4) H. Yumoto, This Bulletin, 28, 94, 101 (1955). 

5) H. Yumoto and N. Ogata, Makromol. Chem., 25, 71 
(1957). 


6) N. Ogata, ibid., 30, 212 (1959) 


Z. physik. Chem., 


van Velden, 


TABLE I. THE ANALYTICAL RESULTS OF 
THE POLYMERS 


Kind of Basic group Acidic group [7] 
end-group mol./mol. mol./mol. 

9.8x 10°" 3.9x 10-4 0.21 

NH;—NH, 16.5«10-2 7.2«10-* 0.16 

: . 11.8 10-4 9.510 0.20 

HOOC—COOH 8.2x10°* 7.8«10-2 0.20 

0 0 0.22 

— .. 2.7x10-4 0 0.27 

NaOOC—COONa 0 0 0.41 

0 0 0.50 

CIH-H:N—NH,:-HCI 0 0.25 


8.8x20-4 2.3x10-* 0.23 

; prOvnen 9.3x10-* 2.7x10-* 0.27 
AcHN—NHAc 0 0 0.43 
3.4 10-4 0 0.52 


groups was heated in refluxing acetic anhydride for 
4hr. and -NH»2 end-groups were acetylated almost 
completely. The polymer having -NH»2 end-groups 
was also dissolved in phenol and -NHp: end-groups 
in the polymer were neutralized by titrating with 
aqueous hydrochloric acid in the presence of thymol 
blue as an indicator. The polymer having -COOH 
end-groups was dissolved in hot benzyl alcohol and 
the solution was neutralized by titrating with 
alcoholic sodium hydroxide solution in the presence 
of phenolphthalein. The polymers having -NH;*Cl 
or -COONa end-groups were precipitated by adding 
methanol to the neutralized solutions. 

Each of the polymers was washed with refluxing 
methanol and dried at 110°C in vacuo of 2mmHg 
for 24hr. in order to decrease the water content 
to less than 0.01%. The polymer samples, each 
2g. in weight, were sealed within glass tubes under 
a nitrogen atmosphere and heated for a certain 
period of time at 230 or 257°C in a vapor bath of 
thymol or Dowtherm A. The amount of ¢-capro- 
lactam reformed from the polymers was determined 
for the extract in chloroform. The number of 
end-groups in the polymers was determined and 
the intrinsic viscosity [7] for the polymers was 


measured in 98% sulfuric acid. The polymerization 


degree P, of the polymers was calculated by the 
following equation”. 


P 124[7]—5 
Results 


The rates of reformation of ¢-caprolactam 
from the polymers are shown in Tables II—V. 


7) A. Matthes, ibid., 5, 165 (1950) 
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TABLE II. 


Kind of 
end-group 


H,N--NH2 


HOOC—COOH 


NaOOC—COONa 


CIH:H,:.N—NH::- HC! 


AcHN—NHAc 


Temp. 
_* 


230 


257 


230 


257 


230 


230 


257 


230 


257 
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TABLE III. THE RATE OF REFORMATION OF 
¢-CAPROLACTAM FROM THE POLYMER OF P,, =30 
Kind of Temp. Time Lactam [7] 
ts hr. % 4 


end-group 


0 Oo 0.27 

530 0.28 

230 100 SO 0.28 

i530 OO 0.28 

AcHN—NHAc 0 Oo 0.27 
2 3.64 (0.28 

—~ 2 88 O27 

25 75 10.00 0.27 

100 10.00 0.27 

150 10.88 0.27 

0 Oo 0.27 

500 0.28 

230 100 SO 0.28 

15300 0.28 

NaQOC—COONa 0 Oo 0.27 
2 «5.79 0.28 

157-30 7.61 (0.28 

2 75 8.60 0.28 

100 8.29 0.28 

150 9.25 0.28 


TABLE IV. THE RATE OF REFORMATION OF 
¢-CAPROLACTAM FROM THE POLYMER OF P, =40 


Kind of Temp. Time Lactam 


~~) 


end-group & hr. 0 
0 0 0.43 
= 50. 0.46 
230 100 SO 0.43 
150 (0.63 ~=—«0.44 
AcHN—HNAc 0 Oo 0.43 
2 2.9% 0.43 
a57 503.90 0-41 
2 75 7.07 0.42 
100 7.72 «0.42 
150 8.17. 0.42 
0 Oo 0.41 
50 OO 0.47 

. 

230 100 0 0.45 
15300 0.43 
NaOOC—COONa 0 Oo 0.41 
25 «2.89 «(0.38 
557 506.06 0.37 
2: 75 8.66 0.37 
100 «8.93 0.37 
1530 8.58 «0.37 


No change in the number of end-groups was 
observed during the heat treatment. As shown 
in Tables II—V, at 230°C, e-caprolactam is 
reformed from the polymer of which the end- 
groups are exclusively -COOH or -NH» while 
no e-caprolactam is reformed from the polymer 
having -NHAc or ~COONa end-groups. How- 
ever, at 257°C, e-caprolactam is reformed even 
from the polymer having ~-NHAc or -COONa 
end-groups. The rate of the reformation of 
e-caprolactam is not influenced by the poly- 
merization degree of the modified polymers. 
The rate of the reformation of e-caprolactam 
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TABLE V. THE RATE OF REFORMATION OF 


¢-CAPROLACTAM FROM THE POLYMER OF P,=50 


Kind of Temp. Time Lactam [7] 
end-group : hr. % ' 

0 0 0.52 

330 50 0 0.54 

= 100 0 0.54 

150 0.70 0.51 

AcHN—NHAc 0 0 0.52 

25 4.41 0.53 

959 50 3.98 0.50 

— 75 6.51 0.51 

100 8.52 0.51 

150 8.90 0.51 

0 0 0.50 

* 50 0 0.57 

230 1000 0.53 

150 0 0.52 

NaOOC—COONa 0 0 0.50 

25 3.03 0.43 

957 50 6.87 0.43 

a 75 7.41 0.44 

100 8.30 0.44 

150 7.90 0.44 


from the polymer having -NH;* end-groups is 


very fast. 


Discussion 


The re-equilibration of poly-e-capramide has 
been studied*~''? on the dry polymers having 
modified end-groups. It has been reported*:’? 
that the rate of reformation of ¢-caprolactam 


from the acetylated polymer is very much 
slower than that of normal polymer. From 
these results, it seems very probable that no 


re-equilibration would take place in a dry 
polymer having all its end-groups modified. 
As shown in the experimental results, no 
e-caprolactam is formed at 230°C from the 
polymer having COONa or -NHAc end-groups. 
However, above 230°C, it is presumed that the 
addition or reformation of e-caprolactam must 
take place on the amide groups in the polymer 
chain through the intramolecular amide-inter- 
change reaction. As the rate of the reformation 
of e-caprolactam from the polymer having 
NH:;* end-groups is very fast, it is as- 
certained’’*? that the addition or the reforma- 
tion of e-caprolactam on the -NH» end-groups, 
catalyzed by the hydrogen ion, occurs fast. 
Assuming that reformation reaction of e- 
caprolactam from the polymer having modified 
end-groups may be caused by the intramolecu- 
lar interchange reaction between two adjacent 


8) S. Smith, J. Polymer Sci., 9, 459 (1958). 

9) G. M. Van der Want, ibid., 37, 547 (1959). 

10) D. Heikens, P. H. Hermans and S. Smith, ibid., 38, 
265 (1959). 

11) N. D. Katorzhnow and A. A. Strepikeev, Zh. priklad 
Khim., 32, 625 (1959). 
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amide groups in polymer chain, it can be ex- 
pressed as follows: 


k 
Mn 2 Ma-14+L (1) 


k 
where M, and M,-; are polymer chains, L is 
e-caprolactam, k,, k, the rate constant of the 
reformation or addition reactions, respectively. 
The rate of the reformation reaction of ¢«- 
caprolactam can be expressed as follows, when 
the concentration of polymer chain is expressed 
in mole fraction of structural unit: 
dx/dt=k,(i—x) —k2x (2) 
where x is the mole fraction of ¢-caprolactam 
reformed at ¢ hr. At equilibrium, 
k.=k,(1—x.)/X.- (3) 


concentration of ¢- 
0.07 and (1—x.) 
Then, from Eqs. 2 


where the equilibrium 
caprolactam x. is about 
can be fixed as equal to 1. 
and 3, 

ky (i —x/x..) (4) 
Integration of Eq. 4 gives Eq. 5. 

kit Xa (5) 


rate constant of the re- 
e-caprolactam can be 


dx/dt 


2.303 log x../(x.— x) 


From Eq. 5, the 
formation reaction of 
calculated for the polymer having modified 
end-groups, as shown in Table VI. The values 
of k, are roughly the same, being independent 


TABLE VI. THE VALUES OF k, AT 257°C 


Kind of P Time ky 

end-group hr. mol./mol.hr. 
l 0.33 x 10-* 

5 0.18 7 

AcHN-—NHAc 26 10 0.18 7 

25 0.12 7 

50 0.18 7 

JUN , 25 0.18 7 

AcHN—NHAc 29 50 0.42 7” 

Fe 0.36 7 

‘ —" , 50 S.32 * 

NaQOC—COONa 30 46 0.33 7% 

100 0.21 7 

25 0.15 7 

, , , 50 0.11 sd 

AcHN—NHAc 48 75 0.20 7% 

100 0.20 7 

25 0.14 7 

NaOQOC-—-COONa 46 50 0.20 7 

75 0.42 7 

25 0.24 7 

. 50 0.11 7 

AcHN—NHAc 59 35 016 7% 

100 0. 2% Y 

25 0.15 7 

NaOOC—CCONa 57 5 0.32 7 

7 0.30 7 


Mean value 0.23 x 10-2 
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Time, hr. 

Fig. 1. The rate of reformation of <-capro- 
lactam from the polymer of P,=20 at 
230°C. 

; C1H-H,N- NH3HC] 
12} 






H,N- NH, 
10+ 









7) 


NaQOC-COONa HOOC — COOH 


C 


Sr 


Lactam, 





AcHN-NHAc 








0 10 20 30 40 50 
Time, hr. 
Fig. 2. The rate of reformation of <-capro- 
lactam from the polymer of P,=20 at 
ZT. 


of the polymerization degree of the polymer. 
The mean value of k; is 0.23 x 10~° mol./mol.hr. 
Yumoto” reported that the rate constant of 
the reformation of ¢«-caprolactam from the 
polymer [%leresor=1.1 was 2.26 10~? mol., 
mol.hr. at 257°C. In this case, as the number 
of amino- or carboxyl-groups in the polymer 
is (0.5~0.7) x 10~* mol./mol., it is presumed that 
the reformation of ¢-caprolactam may be caused 
mainly by the reaction rolling out ¢-capro- 
lactam succesively from the ends of the 
polymer chain. 

Compared with this value, the reformation 
velocity of ¢-caprolactam from the polymer 
having modified end-groups is about 1/10 and 
it can be found that the end-groups of the 
polymer play a very important role for the 
addition or the reformation reactions of ¢- 
caprolactam. However, the rate of the refor- 
mation of e-caprolactam from the polymer 
having modified end-groups is independent of 
the polymerization degree of the polymer and 
it is presumed that ¢e-caprolactam is reformed 
also by the reaction between two adjacent 
amide groups in the polymer chain. 

In the previous paper’, it was reported from 
the results of the amide-interchange reaction 
of an N-alkyl acid amide and ¢-caprolactam, 
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that the rate constant of the reformation reac- 
tion of e-caprolactam at 252°C was 3.610 
mol./mol.hr. This value is considerably greater 
than that for the polymer having modified 
end-groups. This is probably due to the dif- 
ference in activity of the components. 

It is concluded for the polymerization and 
reformation reactions in the system of e«- 
caprolactam and _ poly-e-capramide that the 
reaction occurs predominantly on the end- 
groups of the polymer and that the intra- 
molecular amide-interchange reaction between 
two adjacent amide groups in the polymer 
chain occurs slowly. 


Summary 


The reformation reaction of ¢-caprolactam 
from poly-s-capramide having modified end- 
groups has been studied. It was found that 
no ¢-caprolactam was reformed at 230°C from 
the polymer of which all of the end-groups 
were -COONa or -NHAc groups, while <«- 
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caprolactam was reformed slowly at 257°C. 
The rate of the reformation of ¢-caprolactam 
from the polymer having -COONa or ~-NHAc 
end-groups is about 1/10 of that from the 
polymer having normal end-groups at 257°C 
and it is independent of the polymerization 
degree of the polymer. 

The polymerization and the depolymerization 
reactions of e-caprolactam polymer occur pre- 
dominantly on the end-groups and the inter- 
change reaction between two adjacent amide 
groups in the polymer chain occurs slowly. 


The author wishes to his sincere 
gratitude to Dr. H. Kobayashi for his permis- 
sion to publish these results and also to Dr. 
T. Yoshino and Mr. T. Takayanagi for their 
helpful discussion. He is indebted to Mr. S. 
Yoshikawa for his assistance in the experiments. 


express 


Research Department 
Toyo Rayon Co., Ltd. 
Minato-ku, Nagoya 


On Phosphite Copper 


Cyanide Complex Compounds*' 


By Yoshihiko NISHIZAWA 


(Received January 27, 1961) 


In a previous paper”, it has been reported on 
a few new properties of phosphite*? cuprous 
halide complex compounds. During the course 
of an investigation of organophsphorus complex 
compounds, the present author has also found 
that phosphites react with copper cyanide to 
give new complex compounds” having strong 
fungicidal action 

There has been no report on copper cyanide 
complex compounds having the phosphorus 
atom, but recently Birum’ prepared inde- 
pendently the same compounds as those of the 
present author and reported that they have 
insecticidal activity towards a few insects. 


Presented at the Annual Meeting of Chemistry of 

Complex Compounds of Japan, Fukuoka, October, 1959 

; The phosphorus compounds in this paper were named 
according to the Drake Committee’s Report (Chem. Eng. 
Vews, 30, 4515 (1952)). 

1) Y. Nishizawa, This Bulletin, 34, 1170 (1961). 

2) Y. Nishizawa, and M. Nakagawa, Japanese Pat 
Applied No. 12895 (1959). 

3) J. Hattori and Y. Nishizawa, Japanese Pat. Applied 
No. 12896 (1959). 

4) G. H. Birum, U. S. Pat., 2909544 (1959). 


Preparation of Phosphite Copper Cyanide 
Complex Compounds. Phosphite copper cya- 
nides were prepared from phosphites and copper 
cyanides in a benzene solution. After copper 
cyanide was dissolved in benzene solution, 
and the benzene was evaporated under reduced 
pressure, the complex compounds were obtained 
as white crystals or colorless oil. 

According to the mole ratio of phosphites 
to copper cyanide two complex compounds were 
obtained; namely, phosphite copper cyanide 
(1) and bis-phosphite copper cyanide (II), but 
tri-phosphite copper cyanide could not be pre- 
pared from three moles of phosphite and one 
mole of copper cyanide; instead, a product 
was one mole of bis-phosphite copper cyanide 
(11) and one mole of phosphite was unreacted. 


(RO),P + CuCN — (RO);PCuCN 
(1) 

2(RO);P + CuCN -» ((RO);,P)2,CuCN 
(11) 
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3(RO),P ~ CuCN -» ((RO)3P),CuCN + (RO) ;P 
(IT) 

Phosphite copper cyanides (I) 


phosphite copper cyanides (II) by adding one 
mole ratio of phospite and II gave also I by 
adding one mole ratio of copper cyanide, and 
Il were converted to phosphite copper cyanide 
(1) by heating under a reduced pressure. 


PCuCN (RO),P —> ((RO),P):CuCN 

I (11) 

-CuCN + CuCN ~— 2(RO),PCuCN 
(1) 


(RO) 


((RO),P 
Il) 


heat 


(RO),P):;CuCN —> (RO);PCuCN 
(IL) (I) 

It is clear from the following experimental 
facts that these complex compounds have the 
phosphite group in their molecules. The com- 
pounds I and II reacted with benzoyl chloride 
in benzene solution to give O, O-dialkylbenzoyl 
phosphonates (A) and copper cyanide. The 
melting point of 2,4-dinitrophenylhydrozone 
of the phosphonate 
2,4-dinitrophenylhydrazone of the _ product 
prepared from trialkyl phosphite and benzoyl 
chloride by Kosolapoff’s method 


(RO)P * 


((RO)3P),CuCN + n CgH;COCI 
O 
n (RO)F-CO-Colt + CuCN +2” RCI 
A) 
2, 4-Dinitrophenylhydrazone 
5) 

(RO);P + CsH;COCI (RO).P-COC,;H 
The infrared absorption spectra*’ of these 


showed the absorption 


compounds, | and Il, 
-! (see 


band of P-O-isopropyl group at 1010cm 


A coincided with that of 
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absorption spectrum of 
phosphite (in Nujol). (b) In- 
frared absorption spectrum of triisopropy! 
phosphite copper cyanide (Id) (in Nujol). 
(c) Infrared absorption spectrum of bis-(tri- 
isopropyl phosphite) copper cyanide (IId) 
(in Nujol). 


Fig. 1. (a) Infrared 


triisopropyl 


stretching vibration’? of phosphite at 857 and 
769 cm shift to 879 and 779cm~—', respec- 
tively. From this shift, it is considered that 
P-O bonds are shortened by formation of the 
complex ; namely, P-O bonds in these complex 
compounds become stronger than that of phos- 
phite (see Fig. 1). 

In the ultraviolet absorption spectra*' of 
these compounds, the absorption maximum did 
not appear. 

Molecular Weights of Bis-phosphite Copper 
Cyanide Complex Compounds. —In many cases, 
it has been reported that organometallic cyanide 
complex compounds form the polymer’:*?, so 
the present author measured the molecular 


Fig. 1). But the absorption bands of P-O weights of the crystalline bis-phosphite copper 
TABLE I. YIELDS, PHYSICAL CONSTANTS AND MICROANALYTICAL DATA OF PHOSPHITE 
AND BIS-PHOSPHITE COPPER CYANIDES, I AND II, ((RO);P),CuCN 
Yield M-P-» C Nitrogen, % Phosphorus, % Copper, % 
No. R n me or 
" npo?o> Found Calcd. Found Calcd. Found Calcd. 
Ia CH; 1 98.6 1.5299°27) 6.41 6.56 13.5 13.4 29.3 Ye | 
Ib C:H; l 97.9 1.5031 5.63 5.47 iZ.2 12.1 25.4 24.9 
Ic n-C,H; l 98.4 1.50007 4.7 4.71 10.2 10.4 21.4 2.3 
Id iso-C3H; l 98.6 1.4830 4.75 4.71 10.6 10.4 21.0 21.3 
le n-CyHg l 99.1 1.4850¢ 4.01 4.12 9.3 9.1 18.3 18.7 
Ila CH; 2 99.3 60~61 4.15 4.15 18.3 18.4 18.6 18.8 
IIb C2H; 2 99.6 121~122 3.61 4 14.9 14.7 15.0 5.1 
IIc n-C3H; 2 98.9 1.4708°°%> 2.61 i ey iZ.3 12.3 12.8 12.6 
IId iso-C3H; Zz 98.7 85~86 2.69 2.99 12.4 2.3 12.9 12.6 
Ile n-C,Hy, Z 98.4 1.47425 2.99 ato 12.0 i.4 12.3 1z.5 
*3 A Perkin Elmer 21 spectrophotometer was used. 6) J. Bellamy, “‘ The Infrared Spectra of Complex Mo- 
** A Shimadzu QB-S0 spectrophotometer was used. lecules”’, John Wiley, New York (1958). 
5) G. M. Kosolapoff, J. Am. Chem. Soc., 69, 2112 (1947). 7) R. F. Phillips, Chem. Abstr., 34, 1532 (1940). 
8) A. Burawoy, J. Chem. Soc., 1935, 1024. 
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TABLE II. THE MOLECULAR WEIGHTS OF BIS-PHOSPHITE COPPER CYANIDE (II) [(RO)3P]sCuCN 


Covsarmpic Ebullio- Molecular weight Degree 
No R pee . scopic Concn. qT. °C of 
; (k) solvent (g./G %) ? Experi- Calcd. associ- 
(k) mental (Monomeric) ation 
0 - 1346 
Benzene 0.445 0.017 1340 3.99 
(5120) 1.651 0.041 1312 oie 
2.326 0.092 1294 
0 ~ 630 
Benzene 0.417 0.017 631 1.87 
(2570) 1.452 0.060 621 a 
2.723 0.112 625 
0 556 
. Bromoform 0.387 0.097 561 P 
Ha CH (14050) 1.263 0.350 507 337.7 1.65 
2.509 0.703 501 
0 651 
0.335 0.104 647 
0.681 0.211 649 
s 7 =] 
Cyclohexane V.5i1 0.473 642 
(20100) 2.255 0.721 629 1.93 
as 2.901 0.918 635 
3.751 .201 628 
4.338 1.397 624 
4.903 1.600 616 
0 -- 1676 
Pree 0.384 0.012 1681 
Benzene 1.623 0.050 1661 3.98 
2.553- 0.078 1671 
0 — 840 
1.035 0.032 831 
Benzene 7: r 0.073 815 1.99 
2.659 0.084 814 
IIb C:H; 421.5 
0 -- 678 
: 3 7 7 
Bromoform + ane Sab oa 1.61 
2.472 0.527 659 
0 — 856 
0.438 0.104 846 
Cyclohexane 1.250 0.302 832 2.03 
2.081 0.516 811 
0 - 999 
wT 0.369 0.019 994 
Benzene 1156 0.059 1003 1.98 
2.462 0.127 993 
0 - 1020 
a ath 0.436 0.011 1019 
Benzene 1.396 0.037 970 2.02 
2.599 0.069 968 
IId iso-C3H; 505.5 
0 -- 975 
, 0.375 0.054 976 
Bromoform 1.443 0.213 952 1.93 
2.769 0.412 944 
0 - 1040 
a pene 0.201 0.039 1036 . 
Cyclohexane 1518 0.296 1031 2.06 
2.485 0.492 1015 
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cyanide represented in these compounds. 
Molecular weights of these complex compounds 
were measured by the cryoscopic method” in 
benzene, bromoform, and cyclohexane and by 
the ebullioscopic method in benzene. All 
of these solvents were prepared by purification 
of guaranteed reagents in the usual manner 

The results of these experiments are shown 
in Table II. 

It is made clear from Table II that the com- 
plex compounds having methyl! or ethyl groups 
as alkyl form tetramer in benzene solution at 
the freezing point and that they form dimer 
in other solvents, such bromoform and 
cyclohexane, and moreover by the ebullioscopic 
method in benzene they also form dimer. 

With isopropyl group alkyl, the 
pound forms dimer in all cases. 

It seems to be that the apparent 
values of molecular weights may be smaller, 
if the associated molecules dissociate in organic 
solvents. These possibilities are supported by 
the fact that the degree of association in non- 
polar solvents are greater than that in a polar 
solvent. So the present author measured the 
molecular weight of bis-(trimethyl phosphite) 
copper cyanide (Ila) by cryoscopy in cyclo- 
hexane in various concentrations ranging from 
0.3 to 5 per cent. 


as 


as 


as com- 


possible 


If the associated molecules dissociate in 
organic solvents, the apparent values of mo- 
lecular weight will become greater with the 


increase of concentration. 

As shown in Table II, an increase of apparent 
values of molecular weight could not be 
found in the above range of concentration. 
So it seems to be right that the compound Ila 
forms dimer in cyclohexane, and does not form 
dimer from the dissociation of tetramer. 

These problems of their structures or degree 
of association must be determined by X-ray 
analysis. 


Experimental 


Preparation of Phosphites.—Trialkyl phosphites 


were prepared by Ford-Moore’s method! and their 


TABLE II]. YIELDS, PHYSICAL CONSTANTS AND 
rs B. p. 
R Yield np6’¢ 
“ c mmHg 

CH, 71 1ii~112 760 1.4096°- 
C.H 82 55~ 57 19 1.4135°- 
n-C3H; 85 82~ 83 10 1. 4263°- 
iso-C;3H 80 60~ 61 9 1.4079°- 
n-C,4Hy 87 119~120 10 1.4329¢-! 
9) J. Sameshima, “Buturi-kagaku Jikken H6”’, Shdkabd, 


Tokyo. p. 227. 
10) J. Sameshima, ibid., p 
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[Vol. 
vields, physical constants and microanalytical data 
are shown in Table III. 
Preparation of Phosphite’ or 
Copper Cyanides.—The following examples 
trate the preparations of phosphite and bis-phosphite 
Other examples are shown 
weights are shown 


Bis-phosphite 


illus- 


copper cyanides, I and II. 
in Table I and their molecular 
in Table Il 

Preparation of Triethyl Phosphite Copper Cya- 
nide (Ib).—To a solution of 33.2g. (U.2 mol.) of 
triethyl phosphite in 50 ml. of benzene was gradually 
added 1 ‘(0.2 mol.) of copper cyanide. The 
temperature rose gradually and copper cyanide dis- 
After stirring one hour, the 
filterd and concentrated 
Colorless oil (49.6 g.) 


7.8 g. 


benzene. 
mixture 


solved in 
reaction was 


under reduced pressure. was 


obtained, nj; 1.5031. 

Found: N, 5.63; P, 12.2; Cu, 25.1. Caled. for 
C.H;;0;3PCuCN: N, 5.47; P, 12.1; Cu, 24.9 

To a solution of 8.5g. of Ib in 20 ml. of ben- 
zene, was added 5.6g. of triethyl phosphite. The 
temperature did not rise. After concentrating the 


benzene solution, 13.9g. of a white crystalline sub- 
stance were obtained and the melting point of this 
was 121 C upon recrystallization from 
This melting point coincided with that of 
bis-(triethyl phosphite) copper cyanide 
mixed melting point showed no de- 


substance 
ligroin. 
authentic 
IIb) and a 
pression. 
Preparation of Bis-(trimethyl phosphite) Copper 
Cyanide (Ila).— This compound was _ prepared 
from 24.8 g. (0.2 mol.) of trimethyl phosphite and 
8.92. (0.1 mol.) of copper cyanide in benzene solu- 
tion above mentioned. White crystals (33.5 g. 
99.3¢,) were obtained and melted at 60~61-C. 
Found: N, 4.15; P, 18.3; Cu, 18.6. Caled. for 
CsH,,02.P-CuCN ; N, 4.15; P, 18.4; Cu, 18.8%. 
To a solution of 11.2g. of the compound Ha in 
20 ml! benzene was added 4.3g. of trimethyl 
phosphite. After the benzene was evaporated, 15.1 g. 
of colorless oil were obtained and gave ni 1.5296. 
The refractive index, the infrared spectrum and the 
microanalytical data of this compound coincided 
with authentic trimethyl phosphite copper cyanide 
(la 
Pyrolysis of Bis-(triethyl phosphite) Copper 
Cyanide (IIb).— The compound IIb (21.1 g. 0.05 
mol.) was set in a distillation flask (50 mol.) which 
was combined with the trap cooled at —50°C, and 
heated at 130°C under 0.1 mmHg pressure for 8 hr. 
The colorless oil which was captured in the trap, 


as 


ol 


(RO).P 


Hydrogen, % 


MICROANALYTICAL DATA OF PHOSPHITES 


Carbon, % 


Found Calcd. Found Calcd. Found Calcd. 
24.9 25.0 29.17 29.03 1.38 7.26 
19.8 19.9 46.31 46.15 9.25 9.04 
15.1 14.9 52.06 $1.92 10.09 10.10 
15.0 14.9 51.88 51.92 10.41 10.10 
i2.1 12.4 51.34 57.60 10.83 10.80 

11) T. Kuwata, ** Y6zai, (Solvents) *, Maruzen, Tokyo. 
12) A. H. Ford-Moore, ‘Organic Syntheses”, Vol. 31 
(1951), p. 11. 
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was 7.1 g. and was distilled at 55~56°C/19 mmHg, 
ny! 1.4133. 

Found: P, 19.7; C, 46.05; H, 9.18. Calcd. for 
C.H,;03;P: P, 19.9; C, 46.15; H, 9.04%. 

To a solution of 4.1g. of this oil in S5ml. of 
benzene was added 1.1 g. of copper cyanide. After 
filtering and concentrating, 5.0g. of white crystals 
were obtained and melted at 121-C (recryst. from 
petroleum ether). This melting point coincided 

th that of authentic bis-(triethyl phosphite) copper 
cvanide (IIb) and the mixed melting point did not 
go down. So it was made clear that this oil was 
triethyl phosphite. 

On the other hand, residual oil in a distillating 
flask gave 11.6g. and had nj} 1.4999, and the 
microanalytical data and the infrared absorption 
spectrum of this oil coincided with that of authentic 
riethyl phosphite copper cyanide. 

Found: P, 12.5; N, $.21; Cu, 24.6. Caled. for 
C,H,;0;PCuCN: P, 12.1; 5.48; Cu, 24.9%. 

To a solution of 5.1 g. of this oil in 10ml. of 
benzene was added 3.3g. of triethyl phosphite 
After the benzene was evaporated off, 8.0g. of 
white crystals were obtained and melted at 121°C 
This melting point coincided with that of authentic 
bis-(triethyl phosphite) copper cyanide (IIb) and 
the mixed melting point did not go down. So, it 
was determined that the residual oil was triethyl 
phosphite copper cyanide (Ib). 

Reaction of Triethyl Phosphite Copper Cyanide 
Ib} with Benzoyl Chloride.—To a solution of 
5.1g. of triethyl] phosphite copper cyanide (Ib) in 
10 ml. of ether was added gradually 2.8g. of ben- 
zoy| chloride. The temperature rose and copper 
cyanide was precipitated. The reaction mixture 
was filtered and concentrated. The residual oil was 
under reduced pressure, b.p. 140°C/2.5 

1.5068, yield 3.6 g. 


distilled 
mmHg, n 
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Found: P, 12.6; C, 54.39; H, 6.18. Calcd. for 
CiiH;;0,.P: P, 12.8; C, 54.55; H, 6.20%. 

2,4-Dinitrophenylhydrazone of this product was 
prepared in the usual manner and melted at 171~ 
172°C (recryst. from ethanol). This melting point 
coincided with that of 2,4-dinitrophenylhydrazone of 
authentic O,O-diethylbenzoyl phosphonate*? and 
mixed melting point did not go down 


Summary 


Trialky phosphite reacts with copper cyanide 
to give phosphite or bis-phosphite copper 
cyanides according to the mole ratio of phos- 
phite to copper cyanide. 

It is made clear from their molecular weights 
that these products form polymer in various 
Organic solvents. Moreover, these products 
have strong fungicidal action but this will be 
reported in another paper. 
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In the previous paper we have reported 
that the infrared absorption bands at 1364, 
1314, 1297 and 1185cm of isotactic poly- 
styrene (IPS) and its derivatives are considered 
to be closely associated with the helical 
Structure of the isotactic polymers (mainly 
due to the CH2, CH and C-C vibrations of 


Presented at the 9th Annual Meeting of the Society 
! Polymer Science, Osaka, May, 1960. 
Present address: Research Laboratories, Kanega- 
ichi Spinning Co., Ltd., Tomobuchi-ché, Miyakojima-ku, 
Osaka 
1) H. Tadokoro, S. Nozakura, T. Kitazawa, Y. Yasu- 
hara and S. Murahashi, This Bulletin, 32, 313 (1959). 


Shun’ichi NOZAKURA 


MURAHASHI 
1961) 


the main chain having the alternate sequence 
of gauche and trans conformations) and that 
these bands may be used as the criterion for 
the isotactic structure. Furthermore, it has 
been confirmed from the infrared spectra of 
the mixture of IPS and isotactic poly-a, 3, j- 
trideuterostyrene (IPTDS) that these bands 
are originated from the intramolecular interac- 
tions in the helical chain In this communi- 
cation we wish to report the results obtained 
2) H. Tadokoro, T. Kitazawa, S. Nozakura and S. 


Murahashi, Chem. High Polymers (Kébunshi Kagaku), 17, 231 
(1960) 
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from the infrared spectra measured on the (-CH,-CD-),,-.—(kindly given by Professor 
following polymers in order to examine whether 
similar bands appear or not. 

Polypropylene. We have used the ethyl ether C. G. Overberger of the Polytechnic Institute 
extract of Moplen MS as the atactic sample of Brooklyn). 


H 

































(APP), and its n-heptane residue as the iso- Figure | shows the infrared dichroism (LiF 
tactic sample (IPP). optics) of IPP, IPP-3D and IPB as well as IPS 
Isotactic and Atactic Pol y-3-deuteropropene-1 for reference. The bands in the 3y region 
(IPP-3D and APP-3D) (CH, CH~)» .—Pre- appear at nearly the same frequencies as the 
CH.D characteristic values of the CH.» and CH; 
pared according to the following scheme, and stretching modes of n-paraffins (2960( || ) 2953 
separated by the same procedure as in the (1): va (CH3), 2920(L): va (CH2) (E), 2905 
case of polypropylene: (!'): va (CH2) (A), 2876(L): vs (CH3) (E), 
- — 2844(no): »; (CH2) (A and E) for IPP). As 
CH.=-CH-CH:C! i CH.-CH-CH.MgCl ‘ we have already reported, no (or weak) dichro- ; 
i il ism of the 2849cm~' 1», (CH,) band and the 
CH.-CH-CH.D » ~+(-0N.CH-)» distinguished perpendicular dichroism of the 
CH:.D 2924cm~* va (CH») band of IPS may be inter- 
7 preted by the inclination of the CH» group. 
Polybutene-1.  Polymerized with Ziegler cata- — This dichroic feature may be expected to be found 
lyst. We used the ethyl ether extract as the jn the spectra of all kinds of helical isotactic 
atactic sample (APB), and its residue as the  polymers®. In fact, this feature has been 
isotactic sample (IPB). : 
Isoatactic Polyvinylcyclohexane (IPVCH) and 12} 
Poly - a - d2uterovinylcyclohexane (IPDVCH) 
10} 
ny —— gk —| - CH,- CH-)- 
n 
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| \ . if —'-CH,- CH & 
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Fig. 1. Infrared dichroism of isotactic poly- . = eed -” 
styrene, polypropylene, poly-3-deuteropro- Wave number, cm~! 
pene-I and polybutene-1 (LiF optics). Fig. 2, Infrared spectra of isotactic poly-a- 
Electric vector perpendicular to elonga- olefins. 
tion 3) S. Murahashi, S. Nozakura and H. Tadokoro, This 


Electric vector parallel to elongation Bulletin, 32. 534 (1959) 
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observed in the spectra of IPP and IPP-3D. 
Although IPP-3D has another CH» group in 
the side chain besides the CH» group in the 
main chain, it will be clear from a simple con- 
sideration that the dichroism of the », (CH») 
band may be absent, if the CH» group assumes 
the three stable positions about the C-CH.D 
axis with equal probability. This dichroic 
feature is obscured in the cases of IPB, IPVCH 
and IPDVCH, because of the complexity due 
to the existence of CH» groups in the side 
chain. In the spectra of IPS and IPP, there 
are appreciable shifts between perpendicular 
and parallel components of the v, (CH») band, 
and furthermore the perpendicular component 
occurs at higher frequencies and parallel ones 
at lower in both spectra. The splitting of the 
perpendicular and parallel components are also 
observed in the »,. (CH:;) bands in the spectra 
of IPP and IPB, but in these cases the per- 
pendicular ones occur at lower frequencies. 
The splitting of the », (CH.) bands may be 
explained from the factor group consideration 
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Fig. 3. Infrared spectra in various states of 
poly-a-olefins. 
—— Isotactic samples 
Atactic samples 
---- Molten states of isotactic samples 
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case of IPS. The 
(CH;) modes involves 
relation to the 
the local 


reported already in the 
band splitting of the » 
an interesting problem in 
perturbation of the environment to 
degeneracy of the CH; group. 
Figure 2 is the infrared spectra (1600~700 
cm~') of isotactic poly-a-olefins rewritten on 
the scale of molecular extinction coefficient. 
In Fig. 3, the spectra of the isotactic and 
atactic samples of poly-a-olefins at room tem- 
perature were compared with those of the 
molten states of the isotactic samples. Figure 
4 shows the infrared dichroism (NaCl region) 
of isotactic poly-a-olefins. We have found 
that several bands at 1400~1100cm region 
of the spectra of isotactic poly-a-olefins show 
behavior similar to that of the bands of IPS 
and its derivatives mentioned at the beginning 





of this article. The bands observed at 1364 
4 
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Fig. 4. Infrared dichroism of isotactic poly-a- 
olefins (NaCl optics). 
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4) H. Tadokoro, N. Nishiyama, S. Nozakura and S. 
Murahashi, ibid., 34, 381 (1961). 
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cm in the spectra of IPS and its deriva- 
tives ) appear also in the spectra of IPP, 
IPP-3D, IPB and IPP-3,3,3D,;"? at the same 
frequency, and moreover exhibit the same 
characteristic behavior: (1) the perpendicular 
dichroism, (2) similar intensity (2~5 in mole- 
cular extinction coefficient), (3) absence in 
the cases of the atactic samples and (4) de- 
crease of the intensity with heating and dis- 


appearance at molten state. This band is not 
observed in the spectra of IPTDS, isotactic 
poly-aD,-styrene ’?, IPP-1,1D IPP-2D’. The 


above mentioned inference for this band may 
be considered to be supported strongly by 
these experimental evidences. Especially, the 
constancy of the frequency (1365~1360cm~') 
extending over the various samples of IPS, its 
derivatives and isotactic poly-a-olefin § swill 
Suggest the approximate localization of the 
vibrations in the skeleton and the attached 
hydrogen atom, comparing them to the bands 
described subsequently. Some bands similar 
to the 1185cm™! band of IPS (and 1183cm7' 


5) M. Kobayashi, 
1421 (1960). 

6) C. Y. Liang, M. R. Lytton and C. J. 
Polymer Sci., 44, 549 (1960). 

7) M. Kobayashi, This Bulletin, 33, 1416 (1960). 


K. Nagai and E. Nagai, ibid., 33, 


Boone, J 
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of isotactic poly-p-deuterostyrene, 1184cm~' 
of isotactic poly-p-methylstyrene, 1190 cm~! of 
isotactic poly-m-methylstyrene, 1184cm~! of 
isotactic poly-p-trimethylsilylstyrene) are ob- 
served in the spectra of IPP (1167cm~—'), IPP- 
3D (1216cm~'), IPB (1217cm~') and IPVCH 
(1217 cm~') with the same parallel dichroism, 
the similar intensity (2.5~4.5 in molecular ex- 
tinction coefficient) and the similar band shapes. 
In addition this band is absent in the spectra 
of atactic samples and IPTDS, IPDVCH, IPP- 
1,1D IPP-2D® and IPP-3,3,3D;%. Con- 
sequently these bands are considered to be due 
to similar origin. In spite of the approximate 
constancy of the frequency in the case of IPS 
and its derivatives, the frequency differs con- 
siderably in the spectra of poly-a-olefins. This 
fact suggests that in the mode assignable for 
this type of band the vibration in the main 
chain would couple with those of the side 
chain appreciably in the cases of poly-a- 
olefins, while it would not do so with the 
phenyl! side group. 


Department of Polymer Science 
Faculty of Science 
Osaka University 

Kita-ku, Osaka 


Molecular Rotations of Polyhydroxycyclohexanes in Relation 


to their Structures. II». ( 


)-1, 2, 


, 5/4-Cyclohexanepentol 


By Shukichi YAMANA 


(Received February 6, 1961) 


[M|p(W) of (—)-1, 2, 3,5 4-cyclohexanepen- 
tol ((—)-epi-quercitol”) was calculated by 
using PM-method and Whiffen’s method”, 
respectively. The orientation of the unit 
groups, (OH). in the molecule is shown in 
Table I (Fig. 1). 





3 1 


Fig. 1. Perspective drawing of the molecular 
model of (—)-1,2,3,5/4-cyclohexanepentol. 


1) Part I: S. Yamana, This Bulletin, 33, 1741 (1960). 
2) “Advances in Carbohydrate Chemistry”, Vol. 14, 
Academic Press, New York (1959), p. 190. 


3) D. H. Whiffen, Chem. & Ind., 1956, 964. 


TABLE I 
Name Orientation of Calcd. 
unit group, (OH) 
Cyclohexane Sle] Povs Whiffen 
<4, 2,3,5/ £(93), 28), BB). 6.8 0 
4-pentol (4a),(55)] (—10.9) 
PM-Method.—{MJ]i}(W) of (—)-1,2,3,5/4- 
cyclohexanepentol=33[/t] Pons of (—)-1, 2, 3,5 
4-cvclohexanepentol = (15) A (28) + (15) A (33) 
+ (15) A (4a) + 18) A (58) + (28) A (38) + (28) 
RK (4a) + (25) A (58) + (38) K (4a) + (38) A (5A) 
(4a) A (55) =A+0+0+0—A—B+0-—A+0+ 
A» B 6.8 (—10.9)». 


4) Table II in the previous paper’? is used, here. 

5) The values, calculated by supposing that the optical 
center of (OH) is located at its O atom, are given in 
parentheses. 
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Whiffen’s Method. 


along C'—C? 
C|C—C|O+0|O—-O|H+H|H—H|C 
along C*—C? 
C|H—C|C+O|C—O|O+H|O—-H|H 
along C*—C* 
C|C—C|H+0O|H—O|O+H|O—H|C 
along C‘-—C* 
C|H—C|C+O|O—O|H+H|C—H|O 
along C°’—C‘ 
C|C—C|H+O|H—O|H+H|H—-H|C 
along C®—C'! 
C|H—C|C+ H|C—H|O+H|O—H|H 
Total =0 


As seen above, [M]i'(W) of (—)-1,2,3,5/4- 
cyclohexanepentol is presumed to be 6.8 
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(—10.9)* (by PM-method) or 0 (by Whiffen’s 
method). The corresponding observed value 
has not been found in any referential litera- 
tures, but [M|]p(W) was observed at 27°C as 
-8.99. This is nearly equal to —6.8 (— 10.9), 
the value calculated by PM-method at 20°C. 
This fact indicates that in this case also, PM- 
method is more suitable for estimating [M]% 
(W) than Whiffen’s method. 


Department of Chemistr) 
Kyoto Gakugei Universit) 
Fushimi-ku, Kyoto 


6) B. Magasanik, R. E. Franzl and E. Chargaff, J. Am 
Chem. Soc., 74, 2618 (1952) 


Studies on Surface Heterogeneity in Adsorption of Carbon Dioxide on 
Nickel by Use of the Isotopic Desorption Method” 


Kozo Hirota, Yasushi KOBAYASHI* and Jitsuo KiJI 


(Received January 30, 


A number of printed works on the active 
center of catalysts have appeared, since Taylor 
proposed the idea in 1925. However, though 
its existence on actual catalysts is recognized 
unequivocally by most _ researchers, some 
ambiguities remain yet as to its nature. In 
some cases the experimental grounds in favour 
of the active center may be explained by other 
causes, i.e., by the “induced heterogeneity ” 
or by the mutual interaction between adsorbed 
molecules. Such situations regarding this 
important problem of catalysis may be brought 
about because researchers have taken it up 
by the kinetic or calorimetric methods, which 
are deficient in giving decisive conclusions. 

Therefore, in order to attack the problem, 
now called heterogeneity of catalyst surface, it 
seems interesting to apply the isotopic desorp- 
tion method of Roginsky*, who applied it 
with success by the use of deuterium to 
determine the heterogeneity of nickel, when 
hydrogen was chemisorbed. The process of 


* Present address: Radiation Center of Osaka Prefec- 
ture, Shike-cho, Sakai, Osaka. 

1) Preliminary report: Preprint of the Catalyst Sympo- 
sium of Japan, Osaka, April, 1959, p. | 

2) S. R. Roginsky and O. Todes, Acta Physicochim. (U. 
R. S. S.), 21, 519 (1946). This method is called the differen- 
tial isotopic method in Russian literatures. 

3) M. P. Keier and S. R. Roginsky, IJzvest, AN, URSS, 
1, 27 (1950); Cf., ‘* Advances in catalysts’, 5, 247 (1955). 


1961) 


the method consists in two procedures: firstly 
successive chemisorption of two gaseous por- 
tions of isotopically labelled and non-labelled 
species, to the catalyst to be investigated, and 
secondly, determination of the isotopic com- 
position of the gases desorbed from the catalyst. 
Now, if the isotopic composition of the de- 
sorbed gases is the same as that of the mean 
of the chemisorbed gases, it is highly probable 
that the catalyst surface is homogeneous, while 
if it is not the same, the catalyst surface is 
likely to be heterogeneous. Since then, the 
method has been applied by others; e.g., 
chemisorption of carbon monoxide on a pro- 
moted iron catalyst by Kummer and Emmett” 
making radioactive carbon as the tracer, and 
chemisorption of hydrogen on nickel-silica by 
Schuit, who, however refused to accept the 
result of Roginsky. 

Such being the situation it will be interesting 
to apply it to other systems under the condi- 
tion of least ambiguity, so as to check the 
criticism against this method. In the present 
paper, the heterogeneity of nickel surface will 
be investigated by use of carbon dioxide, 


4) J. K. Kummer and P. H. Emmett, J. Am. Chem. Soc., 
73, 2886 (1951). 

5) G.C. Z. Schuit, Chem. Abstr, 48, 11, 869i (1954). Cf. 
P. M. Gundry and F. C. Thomkins, Quart. Rev., 14, 257 
(1960 
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making heavy carbon dioxide CO'O as the 
labelled species of adsorbent, and effecting 
desorption at the adsorbed temperatures. Selec- 
tion of this adsorbate may be appropriate, 
because, besides its possible immobility on the 


surface, it will evolve little adsorption heat, 
as compared with hydrogen and _ carbon 
monoxide hitherto selected, so that the dis- 


turbing effect of evolved heat would be small 
on adsorption. 


Experimental 


A pparatus.—-The apparatus used in the measure- 
ment 1s shown in Fig. 1. During the experiment, 


caution was always taken that no mercury vapor 
might penetrate into catalyst A by constant use of 
trap T kept at ca 78°C. 

To pump 





Topler pump 


Fig. 1. Apparatus. 

Nickel Catalyst.— Nickel carbonate, obtained by 
the reaction of aqueous nickel nitrate solution with 
an ammonium carbonate solution, was washed with 
water, dried and heated in the air for 10 hr. at 
300°C. Nickel oxide thus prepared was turned 
into nickel powders by reducing it with hydrogen 
for 80 hr. at 350~380 C. Before each experimental 
run, the nickel powders were treated with hydrogen 
followed by evacuation at the same temperature at 
10°®mmHg. The specific area of the catalyst deter- 
mined by the BET method (adsorbate, nitrogen) 
was 1.18 m*/g. 

Gases.—Heavy carbon dioxide COO was pre- 
pared in the present laboratory by the thermal 
diffusion method®. Its concentration was 29.9~15.2 
atom %. Normal carbon dioxide was obtained by 
evaporation of commercial dry ice, and purified 
with aqueous sodium chromate, followed by de- 
hydration with liquid nitrogen and phosphorus 
pentoxide. The hydrogen used for reduction was 
prepared by electrolysis of aqueous sodium 
hydroxide solution, and was purified finally by 
being effused through a palladium filter. The last 


6) K. Hirota, Y. Kobayashi et al., “Isotopes and 
Radiation” (Tokyo), 2, 235 (1959); Y. Kobayashi et al., 
** Mass-spectroscopy ’’ (Japan), No. 13, 79 (1959). 
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treatment was indispensable for the reproducibility 
of the result. 

Adsorption Isotherm.—For the sake of discussion, 
the adsorption isotherm for carbon dioxide on the 
nickel powders (28.1 g.) which were used in the 
experiment was determined at 78°C. This is 
shown in Fig. 2. It was found that 0.17, cc./g. 
was necessary in order to complete the monomole- 
cular layer. 





72) 
o 
ys 
z 
4 
& 
7 
= 
< 
0 5 10 
Pressure, cmHg 
Fig. 2. Adsorption isotherms for carbon 


dioxide at 0 and —78°C (cat. 28.1 g.) 

Reduction of Nickel Surface.—-In order to 
determine the permissible degree of reduction the 
amount of adsorbed oxygen was measured with the 
isotopic dilution method by use of COO, i.e., 
introducing the gas to the vessel which. contained 
nickel and determining the degree of dilution in 
the gas collected from the vessel. When the 045% 
of the original CO. was 15.2 atom % and when 
the reduction at 380°C was continued for 20 hr., 
the collection was made at two temperature inter- 
vals, the result being as follows :—between 0°C and 
room temperature, 0.3cc. and 14.224, and between 
room temperature and 300°C, ca. Icc. and 12.2%. 
Dilution of the original carbon dioxide occurred 
to such an extent that the residual oxygen was 
found not to be negligible by the above treatment 
of reduction, suggesting that the nickel surface 
did not reach a state sufficiently free from oxygen. 
However, it was found that eighty hours of 
reduction as actually adopted in the experimental 
runs was found to be satisfactory so that the hetero- 
geneity could be discussed by this method. Such 
difficulty in cleaning the surface as was found above 
has been pointed out already, e.g., recently by 
Roberts and Sykes”. 

Exchange Reaction.—After the nickel catalyst 
charged in the reaction vessel A was reduced with 
hydrogen, it was evacuated and was kept at the 
adsorption temperature, which was adopted to be 

78 C if otherwise not stated. Then a known 
amount V, of heavy carbon dioxide (or normal 
carbon dioxide) was introduced into the vessel A 
from the measuring pipette C. After the scheduled 
time which was set at 30min. of contact, the 
gaseous sample was collected by opening the taps 


7) M.W. Roberts and K. W. Sykes, Trans. Faraday Soc., 
54, 548 (1958) 
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1 and 2, and being condensed in the trap B cooled 
at —78°C. Amount v of the condensed gas was 
determined by evaporating it in the known volume 
of space between the taps 3 and 2 with the mano- 
meter M. The residual carbon dioxide adsorbed 
tightly on the nickel could be calculated as the 
difference between V; and v. Then normal carbon 
dioxide (or heavy carbon dioxide), the amount of 
which was measured to be V2, was again introduced 
to the catalyst already covered to some extent by 
heavy carbon dioxide. After the scheduled time 
of contact, the gaseous part of the carbon dioxide 
was again condensed in B, and was measured by 
the same procedure as described above. This 
procedure was done several times. The first desorp- 
tion was made at the same temperature as the 
adsorption, and subsequent desorption was carried 
out by raising the temperatures gradually up to 
300°C. The isotopic abundance and gaseous com- 
position of each collected gas were determined by 
a mass-spectrometer. 


Results 


For the sake of making the effect evident, 
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tures as low as possible, i.e.. mostly at 

78°C and also at 19 and O0°C. However, the 
amount of the desorbed gas was determined at 
several temperatures up to 300°C.  Experi- 
mental data are summarized in Table I in the 
order of the runs actually carried out. The 
first and second portions, denoted as I and Il 
in Table I, of the gas introduced into the 
vessel are heavy and normal carbon dioxide if 
otherwise not stated. The numerals marked 


by—after V,; denote the amount of the gas 
strongly adsorbed after desorption at the 
adsorption temperature. 

The reproducibility of the experiment may 


be shown by the residual amount of the gas 
remaining after evacuation in Nos. 1 and 4, 
where the adsorbed and desorbed temperatures 
were the same (—78°C) while other experi- 
mental conditions were practically identical 
with each other. It is noteworthy that such 
strongly adsorbed gas amounted to ca. 1.85 cc. 
in both runs in spite of the difference of the 


the adsorption was carried out at tempera- first portion introduced. The tendency that 
TABLE I. EXPERIMENTAL RESULT 
Catalyst: 28.1g., BET area=1.18 m?/g.=5.0 m?/28.1 g. 
Gaseous volume is expressed by STP, while concn. of #°O by atom %. 
A@sorption procedure Desorption procedure 
Run 
Temp. Order Added “O Temp. Evacuated Desorbed Residual — 
No. of amount Concn. time amount amount Concn. 
C addition cc. % ® min. oc. ¥ ce. % 
| I V,=1.35 29.9 —78 110 (5.31) 1.87 2.0 
—78 »1.35 0 100 0.21 1.66 11.4 
II V2=5.83 0.2 20~21 80 0.03 1.63 12.8 
150 60 0.06 1.357 12.5 
300 60 0.67 0.90 12.0 
2* I V,=11.49 0.2 —78 120 (13.05) 1.44 28.4 
78 2.31 0 120 0.25 1.19 10.8 
II V2=12.18 29.9 100 90 0.07 Li 8.0 
300 80 0.94 0.18 5 a 
3 I V,=2.36 28.4 0 120 (4.35) 2.26 5 
0 2.18 100 90 0.47 1.79 16.3 
II V2=4.43 0.2 300 100 1.02 0.77 17.4 
4 I V,;=5.62 29.9 78 120 (5.01) 1.83 2.8 
78 1.88 0 120 0.26 1.37 15.7 
II V.=4.96 0.2 100 90 0.09 1.48 17.9 
300 90 0.55 0.93 15.9 
5** I V; 2.20 15.2 (a) Desorbed CO» was 0.1 cc. CO./CO=1/50, because CO 
—78 desorbed at —78°C was 5.18 cc. 
Il V2=12.24 0.2 (b) #3O concn. of CO became 1.0% 
(CO) 
, 2 I V,=5.69 29.1 19 120 (4.81) 2.40 3.3 
19 2.36 100 120 0.42 1.98 10.7 
II V2=4.85 0.2 300 120 1.02 0.96 19.0 
* The first gas I was normal CO: and the second II CO'*O. 
** 


The second gas was carbon monoxide instead of carbon dioxide. 
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TABLE II. 


No. 1 (C!8O:, adsorbed =0.40 cc. ) 
Heavy carbon dioxide 


Desorbed 
temp. Desorbed Not desorbed 
a cc. ee. 
78 0.096 0.31 
0 0.022 0.29 
20~21 0.004 0.28 
150 0.007 0.28 
300 0.079 0.20 
the first portion was adsorbed more tightly 
than the second could be observed in No. 


2, where heavy carbon dioxide was made the 
second portion. From the comparison of Nos. 
1 and 4 with No. 2, the residual gas at —78°C 
is evidently small in the case where heavy 
carbon dioxide was introduced as the second 
gas. This may be explained by the isotopic 
effect of adsorption. Though the discussion 
along this line is interesting, it will not be 
taken up in the present report, because there 
may be some accidental error*. 

By comparing the result Nos. 3 and 6 where 
the adsorption and first desorption were carried 
out at 0°C and 19°C, respectively, with those 
of Nos. | and 4, it is clear that the strongly 
adsorbed carbon dioxide increases in amount 
as the temperature of adsorption becomes 
higher. 


In order to obtain knowledge on the state 


of adsorption of carbon dioxide, a similar 
experiment was attempted making carbon 
monoxide the second gas in No. 5. Since 


carbon monoxide can be adsorbed on nickel 
very strongly as shown by the great heat of 


adsorption (35 kcal.) carbon dioxide which 
has been adsorbed may be expelled from a 
nickel surface. Such an effect is moreover 


possible due to the heat evolution when carbon 
monoxide is chemisorbed. However, as des- 
cribed in Table I, the amount of the desorbed 
carbon dioxide was only ca. 0.1 cc., though 
carbon monoxide was desorbed more than 
carbon dioxide (5.1, cc.). This suggests a firm 
bonding of carbon dioxide with nickel. How- 
ever the fact that °O concentration of carbon 
monoxide in the desorbed gas could not be 
neglected will become a matter of discussion ; 
i.e. it was 1.0%. This indicates the occurrence 
of an exchange reaction such as 


CO"*0+CO — CO,+C#O (1) 


on nikel surface in parallel with desorption. 


The residual gas remaining at 300°C is only 0.18cc. 
in No. 2. Such a small numeral! will probably be brought 
out by an increased error due to the large amount of the 
second gas (12.15 cc.) 


8) O. Beeck, ** Advances in Catalysts", 2, 151 (1950). 
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RESIDUAL AMOUNT OF C!*Q. IN Nos. | AND 4 


No. 4 (C'*O. adsorbed =0.56 cc.) 
Heavy carbon dioxide 


Desorbed 
temp. JYesorbed Not desorbed 
» ce. cc. 
78 0.13 0.43 
0 0.04 0.39 
100 0.01, 0.37 
300 0.08, 0.28 
Such a firm bonding between the first 


chemisorbed* carbon dioxide and nickel can 
be concluded also from the isotopic balance of 
heavy oxygen in each run. According to No. 
1, where 0.40 cc. of heavy carbon dioxide was 
chemisorbed as the first gas, only a part of it 
could be desorbed at each desorbing procedure, 
as shown in Table II, where the nautral 
abundance of '*O was taken to be 0.2%. The 
same tendency can be seen also in No. 4, 
where 0.56cc. of heavy carbon dioxide was 
first chemisorbed. It will be noteworthy that 
though the absolute amount of heavy carbon 
dioxide adsorbed at —78°C is different in both 
runs, their ratios to those at 300°C is the same 
i.e., 0.65. A similar result is found easily, in 
others runs, by the same method of calculation. 


Discussion 


As pointed out above, a part of the nickel 
surface has a nature to chemisorb carbon 
dioxide so strongly that carbon monoxide 
added as the second gas can not expel the 
carbon dioxide practically from the surface. 
This nature of the nickel surface will be 
supported also from the fact that the molecules 
once chemisorbed at low temperature were not 
desorbed even by evacuation at 300°C. By 
use of the data of No. 1, the situation will be 
shown quantitatively. The residual amount 
1.87 cc at the desorbed temperature corresponds 
to surface coverage (@) of 0.37, which decreases 
gradually down to #=0.18 (0.9 cc.) after the 
desorption process at 300°C, because the 
amount of carbon dioxide necessary to cover 
the catalyst surface monomolecularly is 5.0 cc. 

Now the nature of such a special surface, 
which extends to about one third of BET area 
of the nickel, will be discussed from the 
standpoint of isotopic exchange of heavy 
oxygen with regard to possible occurrence of 
the induced heterogeneity. The data of No. | 
will be taken up again. If the bonding of 
carbon dioxide to nickel is extremely firm on 


Chemisorption will hereafter be used often as a 
technical term not defined to be clearly different from 
adsorption. 
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some special sites on the surface, it may be 
possible that ‘SO concentration in the first 
portion of desorbed gas is natural, i.e. 0.2%, 
because V; was 1.35cc., which was less than 
the volume corresponding to the chemisorption 
on the special sites (1.87cc.), leaving some 
vacant sites for the second gas. Actually, 
dilution of '°O in the strongly adsorbed carbon 
dioxide occurred up to 2.0%, as shown in the 
last column of Table I. The degree of dilution 
will be given approximately as follows: 0.096 
0.40—0.24. This suggests that there occurred 
some exchange of oxygen between strongly 
adsorbed carbon dioxide and that which was 
weakly adsorbed. 

Now it is natural to assume that the dif- 
ference of adsorptive power or the surface 
mentioned above might be due to the primary 
property of sites but not induced secondarily 
by the mutual interaction of absorbed mole- 
cules. This is because if the difference is 
brought about by the latter reason, the degree 
of the exchange reaction II between adsorbed 
carbon dioxide would occur much more 
markedly and increase according as the adsorp- 
tion temperature rises, and evacuation at 300°C 
would take away most of the adsorbed carbon 
dioxide, due to a relatively weak interacting 
energy. Another fact will be shown against 
the induced heterogeneity by use of the data 
of No. 2, where heavy carbon dioxide added 
as the second gas (3.6;cc.) was taken out 
from the surface practically without exchange 
by the first desorption at the adsorption tem- 
perature, due to the weak bonding of the 
second gas with adsorptive sites. 

Since the surface heterogeneity is confirmed, 
its nature will be discussed in more detail. 
According to the analysis of the data, it has 
been shown that even the special sites ex- 
tending as much as one third of the total are 
not of a homogeneous nature in adsorptive 
power, three fourths of it making firmer 
bonding to carbon dioxide than the remaining 
one third. The existence of such heterogeneity 
is possible also from the data of No. 5, which 
can be explained by an exchange reaction I of 
weakly adsorbed carbon monoxide and strongly 
adsorbed carbon dioxide. Assuming that the 
amount of the strongly adsorbed carbon dioxide 
is 1.85cc. and also that '°O concentration of 
the strongly adsorbed carbon monoxide (7.0, 
cc.) is the same as that of the desorbed one, 
‘SO lost from carbon dioxide by the contact 
of carbon monoxide will be approximately 


equal to (1.0 x 12.24/1.85 x 15.2) x 100% =22%. 
It is noteworthy that this numeral nearly 
9) Hirota and Kobayashi, Preprint of the Catalyst 


symposium of Japan, Kyoto, April, 1956 
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equals that (24%) obtained in the discussion 
of the above paragraph. Here it will be 
mentioned that no exchange of this type I 
could be observed on silver catalyst even at 
220°C, suggesting that there was a difference 
in the chemisorped state between nickel and 
silver. The result may be caused by the 
chemisorptive power of nickel to carbon 
monoxide which is so strong that they can form 
stable carbonyl compounds, though the chemi- 
sorptive power of both metals to carbon dioxide 


is not very different, so that the exchange 
reaction 

0.* +CO — CO.*+0O (III) 
proceeds at the same order of temperature 


100~200°C'™. 

In short, it can be concluded that there are 
two or three types of sites on nickel surface 
differing in chemisorptive power. It will be 
our next problem to investigate the real 
nature of these special sites, e.g., to see 
whether they exist as groups or as isolated 
ones. However, the problem of surface 
heterogeneity is very complicated, and the 
present data can not give an answer to all the 
questions to be discussed. Here it will be 
mentioned that, since the ratio of the active 
surface to the total is considerably large and 
reproducibility of the catalytic activity is very 
good, the heterogeneity here observed may be 
brought about by the different catalytic activity 
of each crystal plane and not by isolated sites 
on some planes. Further discussion concerning 
the nature of heterogeneity is to be continued 
in the investigation which will be reported 
soon. 


Summary 


By applying the isotopic desorption method 
of Roginsky under the experimental condition 
of least ambiguity, heterogeneity of nickel 
surface has been studied on the chemisorption 
of carbon dioxide by making heavy oxygen 
as the tracer. It has been shown that about 
one third of the surface can chemisorb carbon 
dioxide very strongly at 78, 0 and 19°C, 
and a part of carbon dioxide chemisorbed is 
not desorbed even by the evacuation at 300°C. 
Considering the isotopic balance of heavy 
oxygen, it can be said that the above effect is 
brought about by the primary heterogeneity 
of surface sites but not by the “ induced 
heterogeneity ” of adsorbate. However, it has 
been found difficult to make the detailed 
nature of such heterogeneity by the present 
data alone. 

10) K. Hirota and Y. Kobayashi, This Bulletin., 29, 996 


(1956); Y. Kobayashi, M. Hatada and K. Hirota, unpubli- 
shed 
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A New Method for the Preparation of Piperazines. III. Mechanism of 


Ring-closure Reactions with Elimination of Ester 


By Kazuo NAKAJIMA 


(Received January 11, 


The new synthesis of piperazines proposed 
by the author in the preceding papers’, con- 
sists in heating a compound A to obtain a 


piperazine-derivative B under elimination of 


an ester C, as can be seen from the following 
over-all Scheme 1; 


(1) 


The compound A is an ester. It is generally 
accepted that the alkyl-ogygen bond in car- 
boxylic acid ester of primary or secondary 
alcohols remains unattacked in hydrolysis or 
in other reactions in which these esters are 
concerned. However, esters of tertiary alcohols 
in some of their reactions may suffer the 
rupture of the alkyl-oxygen bond. For example, 
tart-butyl acetate, heated under reflux, is com- 
pletely converted by dry hydrogen chloride into 
tart-butyl chloride and acetic acid, while n- and 
sec-butyl acetate undergo no reaction by the 
same treatment. 

According to Eq. 1, however, the Cc) O 
bond should break up and the liberated aceto- 
xyl group should combine with an alkyl group 
which comes out of Nay to build up an ester 
molecule C, thus leaving a_ piperazine-ring 
system B. 

The -C-Cc,) linkage in A may be regarded 
as an alkyl, so the piperazine-ring formation 


1) K. Nakajima, This Bulletin, 34, 651, 655 (1961) 
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1 may be considered to be a reaction which 
involves a replacement of R’’’ by -C-Cay 
grouping. 

In other words, the ester part of A _ reacts 
al” 
aa NR 


as an alkylating reagent on to drive 


out R’”’. 

In order to see the reactivities of alkyl 
acetates with tertiary amines, triethylamine 
and dimethylaniline were heated with n-butyl 
acetate under reflux for 20 hr. 

However, no reaction could be observed and 
the starting materials were recovered unchanged. 
An attempt in an autoclave (at 280°C for 3 hr.) 
gave the same result. 

Even when fert-butyl acetate which has 
tendency to rupture at the alkyl-oxygen bond 
was used, reaction between the ester and tri- 
ethylamine or dimethylaniline did not proceed. 

In contrast to the very smooth progress of 
reaction | (R’, R'’, R'’’: CH), a ring-closure 
reaction for obtaining the same product by 
heating N, N, N’, N'-tetramethylethylenediamine 
and ethylenediacetate in an autoclave for 3 hr. 
at 280°C proved to be a failure. 

In reaction 1 (R’, R’’, R’’’; CH), the 
dialkylated amino group and the ester grouping 
are held in one molecule and are able to stay 
very close to each other on account of their 
special configuration. This proximity of the 
two groups is the most remarkable difference 
between the two cases of cyclization reaction 
and it seems to be plausible to attribute the 
cause of reaction 1 to the close situation of 
these groups. 

The mechanism of the piperazine-ring for- 
mation might be written as follows; 
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R” 
of ; cH.ca.y<F, 
0 —+RN +4 


“CH.CH,- O- C- CH, 
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pCHCHN 
, wR 


RN’ wre 4 


~CH,CH,; -¢- CH, 
a) 


(D) (E) 
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(1) 


°8 


—— 


CH:CH, 


— R'N NR" + CH;COOR'" (2) 
1) 


CH:CH; 
1) 
(H] 


The first stage of the reaction mechanism is 
assumed to be the formation of a polarized 
state in the molecule D under the influence 
of heat as shown in E. In the second stage 
the union of Nc) and Cc) takes place and the 
carboxyl group is released as an anion. Then 
in the third stage the salt-like compound G 
thus formed is considered to be broken into 
a piperazine-derivative H and an_ ester 
CH;COOR'’”’ at that elevated temperature. The 
decomposition of G may be regarded as a 
similar type of reaction to the thermal de- 
composition of the quarternary ammonium 
halides, which was reported by Hofmann” 

This assumption for the similiarity can be 
explained by the fact that ease in liberation 
of the alkyl group R’”’ is identical to that of 
Hofmann’s reaction, as briefly refered to in 
preceding report’? 

On inspecting the reaction mechanism shown 
in Scheme 2, an important question naturally 
arises as to what kind of compounds having a 
disubstituted amino and an ester-grouping in 
suitable positions in the molecule can undergo 
cyclization in the same way as these described 
above. 

In order to give an answer to this question, 
several trials have been made with 4-dimethyl- 
amino-n-butyl acetate, 5-dimethylamino-n-pen- 
tyl acetate and {§-acetoxy-§'-dimethylamino- 
diethyl ether. They have successfully proved 
that these compounds also undergo similar 
ring-closure reaction at about 200°C with eli- 

2) A. W. 


Hofmann, Proc. Roy. Soc., 1860, 10, 595. 
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mination of an ester, giving N-methylpyrroli- 
dine (3), N-methylpiperidine (4) and N-methyl- 
morpholine (5), respectively. 


CH; 
CH.CH:N: 
l CH; 
CH.CH,OCOCH; 

+ CH,;COOCH; 


CH; 
CH.CH:N¢ 
CH; 
CH.CH.OCOCH; 
CH:CH: 
CH; NCH; 
CH:CH.” 


CH:CH, 
NCH; 
CH:CH, 


CH;COOCH, (4) 


J H; 
CH,CH,N< 
CH, 


CH:CH,OCOCH, 
CH;COOCH; 


These reactions make it easy to suppose that 
3-acetoxy-§'-dimethylaminodiethyl sulfide may 
have the possibility of being converted into 
N-methylthiomorpholine under similar condi- 
tions. 

Synthesis of the sulfide, 
yet been attained. 


however, has not 


Experimental 


tert-Butyl Chloride from tert-Butyl Acetate by 
Hydrogen Chloride.—Dry hydrogen chloride was 
passed into fert-butyl acetate boiling in a flask fitted 
with a fractionating column, at such a rate that 
tert-butyl chloride formed distilled over at 50~60°C. 

The reaction proceeded smoothly, leaving acetic 
acid in the reaction flask. n-Butyl and sec-butyl 
acetate remained intact by the same treatment. 

N-Methylpyrrolidine from 4-Dimethylamino-n- 
butyl Acetate.—4-Dimethylamino-1-butanol.—A_ mix- 
ture of 22g. (0.2mol.) of tetramethylene chloro- 
hydrin and 50g. of a 40% aqueous solution of 
dimethylamine was allowed to react in a bottle, 
plugged with a stopper holding a thermometer and 
an outlet tube connected to another bottle fed with 
water. By occasional shaking and timely cooling 
in water, the exothermic but moderate reaction was 
regulated so that no methylamine gas came to the 
bottle with water. 

After adding 9g. of powdered sodium hydroxide 
cautiously in small portions, the mixture was dis- 
tilled. The crystals of sodium chloride which 
prevented the further distillation were removed by 
filtration and the filtrate was submitted to a careful 
fractionation. There was obtained about 15g. of 
4-dimethylamino-l-butanol as a colorless, viscous 
liquor boiling at 184°C. 

Found: N, 11.82. 
11.95% 

4-Dimethylamino-n-butyl Acetate. - 
(0.12mol.) of acetic 


Caled. for CsH;;,ON: N, 


-Twelve grams 
anhydride was gradually 
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added to 12g. (0.12 mol.) of 4-dimethylamino-1- 
butanol with stirring and cooling in water. The 
reaction mixture was then dissolved in about 50 cc. 
of water and neutralized with sodium bicarbonate 
added in small portions until no more evolution 
of carbon dioxide was observed. The resultant 
solution was extracted with ether in a continuous 
extraction apparatus. 

Distillation of the ether followed by a careful 
distillation in vacuo gave a 90~95% yield of the 
acetate. 

Colorless liquid, b. p. 
m. op. 126°C. 

Found: N, 8.69. 
8.802%. 

N-Methylpyrrolidine.—Sixteen grams (0.1 mol.) of 
4-dimethylamino-n-butyl acetate was distilled slowly 
and carefully using a small Claisen flask, which is 
equipped with two thermometers, one being in- 
serted in the liquid through the straight neck of 
the flask to read the internal temperature and the 
other fitted in the side neck to read the distillation 
temperature. When the internal temperature was 
raised to above 200 C, boiling commenced with the 
splitting into N-methylpyrrolidine and methyl 
acetate, both of which distilled over at 50~100°C 
as they were formed. 

Redistillation of the distillate gave about 6g. 
(about 75%) of pure N-methylpyrrolidine. N- 
Methylpyrrolidine is a well-known compound, a 
liquid, b.p. 80~81°C Picrate, m. p. 


85°C/15 mmHg. Picrate, 


Caled. for CsH,;;O.N: N, 


colorless 
z16°C.. 

N-Ethylpyrrolidine from 4-Diethylamino-n-butyl 
Acetate. — 4-Diethylamino-1-butanol. 
27g. (0.25 mol.) of tetramethylene chlorohydrin 
and 36.5g. (0.5 mol.) of diethylamine was boiled 
under reflux for 10hr. The crystals of diethylamine 
hydrochloride, gradually formed during the heating, 
were filtered off and the filtrate was fractionally 
distilled. After a forerun of tetrahydrofuran (ca. 
5g.) formed in a side reaction 6, there was obtained 
about 15g. of 4-diethylamino-l-butanol boiling at 
208 C, as a colorless, viscous liquid. 


HO(CH,;),Cl HN(C:H;)2 
CH:;-CH, 


> CH: CH, (C.H;)2.NH-HCl 


O 


Found: N, 9.51. 
9.64%. 

4-Diethylamino-n-butyl Acetate.—Obtained similarly 
as in the methyl derivative mentioned above. Color- 
less liquid, b. p. 98 -C/12 mmHg. 

Found: N, 7.31. Caled. for CioH20O2N: N, 
7.48%. 

N-Ethylpyrrolidine. — Obtained in the same way 
as in the methyl derivative above. Colorless liquid, 
b. p. 104~106°C. Picrate, m. p. 185°C. 

N-Methylpiperidine from 5-Dimethylamino-n- 
pentyl Acetate.—On the whole, the actual procedure 
here is analogous to that of N-methylpyrrolidine. 

5-Dimethylamino-1l-pentanol.—A mixture of 24.5 g. 
(0.2 mol.) of pentamethylene chlorohydrin and 50 g. 
of a 40% aqueous solution of dimethylamine was 
allowed to react. After the reaction was completed 


Caled. for CsHj}ON: N, 


A mixture of 
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the resultant homogenous solution was distilled 
until the internal temperature indicated 180°C. To 
the cooled mixture was added a concentrated solu- 
tion of potassium hydroxide in methyl alcohol and 
the precipitate of potassium chloride was filtered 
off and the filtrate was distilled. 

Colorless, viscous liquid, b. p. 205~206°C. 
21g. (80%). 

Found: N, 
10.68%. 

5-Dimethylamino-n-pentyl Acetate. — The procedure 
described in the case of the corresponding butyl 
derivative was also employed here. 

Colorless oily liquid, sparingly soluble in water, 
b. p. 114°-C/22 mmHg. 

Found: N, 7.78. 
8.0925. 

N-Methylpiperidine.—This compound was obtained 
by the slow distillation of 5-dimethylamino-n-pentyl 
acetate followed by the fractionation of the distil- 
late, and was identified by comparison with the 
authentic sample. 

Colorless liquid, b. p. 107°C. 

N-Ethylpiperidine from 5-Diethylamino-n-pentyl 
Acetate. — 5-Diethylamino-1-pentanol.—From 24.5 g. 
(0.2 mol.) of pentamethylene chlorohydrin and 30g. 
(ca. 0.4 mol.) of diethylamine, about 25g. (ca. 
80°.) of this compound was obtained as a colorless 
viscous liquid boiling at 127~130-C/22 mmHg. 

Found: N, 8.75. Caled. for Cs,H2,ON: N, 
8.80%. 

5-Diethylamino-n-pentyl Acetate. —- Colorless oil, 
sparingly soluble in water, b. p. 127-C/22 mmHg. 

Found: N, 7.02. Caled. for C;;H,:,0.N: N, 
6.96%. 

N-Ethylpiperidine. — The acetate above was split 
into N-ethylpiperidine and ethyl acetate at a tem- 
perature higher than 200°C. The reaction proceeded 
slowly but steadily. N-Ethylpiperidine is, of course, 
a well-known compound. 

N-Methylmorpholine from 
methylaminodiethyl Ether. 
aminodiethyl Ether. 


Yield 


10.39. Calcd. for C;H,;;ON: N, 


Calcd. for CsH,O.N: N, 


B-Acetoxy-f'-di- 
3-Hyroxy-3'-dimethyl- 
The ether was prepared by the 
reaction of 2mol. proportions of ethylene oxide 


on I mol. proportion of aqueous solution of di- 
methylamine. 

In 110g. (1 mol.) of a 40% aqueous solution 
of dimethylamine was absorbed ethylene oxide, 
generated by dropping a solution of 80g. (2 mol.) 
of sodium hydroxide in 160cc. of water onto a 
boiled mixture of 200g. (2.5 mol.) of ethylene- 
chlorohydrin and 100cc. of water under reflux. 
The reaction between ethylene oxide and dimethyl- 
amine is exothermic. 

Suitable control of the dropping rate of the 
sodium hydroxide solution and occasional water- 
cooling were applied in order to bring the ethylene 
oxide entirely into action. The gain in weight of 
the reaction mixture was about 90g. and indicated 
that in this way about 2mol. of ethylene oxide 
could be generated and be made to enter into the 
reaction. 

To the brown and viscous mixture was added 
portion-wise about 60g. of anhydrous potassium 


3) i. G. Farfen Ind., D. R. P. 432803; Chem. Zentr., 1926, 
Il. 1693. 
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carbonate. Then there were formed two layers, of 
which the upper was separated and distilled frac- 
tionally. There was obtained about 15g. of §- 
dimethylamino ethyl alcohol (b. p. 130~135-C) and 
about 50g. of 5-hydroxy-3'-dimethylamino-diethyl 
ether (b. p. 205°C). 

Found: N, 10.68. 
10.52%. 

5-Acetoxy-3'-dimethylaminodiethyl Ether. — Acetic 
anhydride (26g. 0.25 mol.) was added dropwise to 
35g. (0.2mol.) of j3-hydroxy-3'-dimethylamino- 
diethyl ether with cooling in water. 

After heating to boiling under refiux and sub- 
sequent cooling to room temperature, the mixture 
was dissolved in about 100cc. of water, neutralized 
with about 30g. of sodium bicarbonate added in 
small portions and extracted with ether in a con- 
tinuous extractor. Distillation of the ether followed 
by fractionation of the residual liquid under reduced 
pressure gave almost a quantitative yield of - 
acetoxy-,5'-dimethylaminodiethyl ether as a colorless 
liquid boiling at 132 C/50 mmHg or 110°C/30 mmHg. 

N-Methylmorpholine.—Distillation of 5-hydroxy-,3'- 
dimethylaminodiethyl ether, carried out slowly and 
carefully at atmospheric pressure, gave a mixture 
of methyl acetate and N-methylmorpholine in a 
good yield. 

The N-methylmorpholine was identified by an 
authentic sample. 

Colorless liquid, b.p. 215~216°C. Picrate m. p. 
220°C. Chloroplatinate, m. p. 225~226-C. 

N-Ethylmorpholine from §-Acetoxy-f'-diethyl- 
aminodiethyl Zther.—The procedure employed was 
substantially analogous to that of the methyl de- 
rivative. 

5-Hydroxy-3'-diethylaminodiethyl  Ether*.- 


Calcd. for CsH;,0:.N: N, 


Obtain- 
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ed by the action of ethylene oxide on j-diethyl- 
aminoethyl alcohol in equimolecular proportions, 
Or on an aqueous diethylamine solution in mole 
proportions of 2 to 1. Colorless, viscous oily 
liquid, b. p. 142°C/52 mmHg. 

Found: N, 8.57. Caled. for CsH,O2N: N, 
8.69%. 

5-Acetoxy-;5'-diethylaminodiethyl Ether.—Colorless 
oily liquid, b. p. 143~145°C/42 mmHg. 

Found: N, 6.60. Calcd. for CypH.,0O;3N: N, 
6.89%5. 

Chloroplatinate, yellow plates from concentrated 
solution, decomposed at 174°C. 

Found (for chloroplatinate): Pt, 24.00. 
for (CyoH2,;03N)2-HePtCl,: Pt 23.90%. 

N-Ethylmorpholine.—Obtained by a slow distilla- 
tion of the above ether. The formation of N- 
ethylmorpholine proceeded very slowly but in an 
excellent yield. Colorless liquid, b. p. 139 C. Pic- 
rate, m.p. 190°C. Chloroplatinate, orange-yellow 
needles, m.p. 198 C. These data were identified 
with the authentic samples. 


Caled. 
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Preparation by the action of mono-sodium compound 
of ethylene glycol on diethyl-(s-chloroethyl)-amine had 
been known; Bayer & Co., D. R. P. 398010; Chem. Zentr., 
1924, II. 1399. 


Reaction of Trypsin with S-Methylisothiourea and with 
S-Methylglucosylisothiourea 
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O-Methylisourea has long been used to 
introduce amidyl residue into amino acids and 
peptides. The reaction of O-methylisourea 
with proteins takes place only in e-amino group 
of lysine, and homoarginine is produced by the 
hydrolysis of the product. Hughes et al. 
have shown that in treating serum albumin 


with O-methylisourea, the more the value of 


Sakaguchi’s reaction increased, the less amino 
nitrogen became”. Roche and his associates 


1) R. M. Herriott, “‘ Advances in Protein Chem.”, III, 
Acad. Press Inc., New York (1947), p. 215. 


1961) 


treated bovine serum albumin, casein, and 
ovalbumin etc. with O-methylisourea in con- 
centrated ammonium hydroxide, and after the 
hydrolysis of the reaction products, they 
identified homoarginine by means of paper 
chromatography”. Lately Chervenka et al. 
demonstrated that all of the 13 lysines changed 
into homoarginine and no more changes were 
caused in the reaction of chymotrypsin with 


2) W. L. Hughes, H. A. Saroff and A. L. Carney, J. 
. Chem. Soc., 71, 2476 (1949). 

3) J. Roche, M. Mourgue and R. Baret, Bul/. Soc. chim. 
, 36, 85 (1954). 
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On the other hand, Schiitte 
employed S-methylisothiourea instead of O- 
methylisourea”. Later on, this reaction was 
applied to the d-amino group of ornithine 

By the application of a similar reaction, that 
is, the condensation reaction which liberates 
mercaptan from _ substituted isothiourea, 
Micheel et al. have treated case in and gelatin 
etc. with S-methylglucosylisothiourea. They 
supposed that the ¢«-amino group of lysine 
undergoes the reaction, since the amount of 
combined sugar runs parallelly only to the 
lysine content of protein 

It has already been illustrated that concern- 
ing the reaction of S-methylglucosylisothiourea 
upon histidine, the carbon of position 4 or 2 
in the imidazole ring is more reactive than 
the a-amino group of amino acids or the ¢«- 
amino group of lysine”. 

Authors have undertaken the study of the 
reaction of S-methylglucosylisothiourea and 
trypsin as an enzyme, as it has already been 
suggested that histidine is an essential site of 
the enzymatic activity 

In respect to trypsin, various active and 
inactive derivatives have already been re- 
ported'’-'®, but no work on the reaction of 
S-methylisothiourea and S-methylglucosyliso- 
thiourea has been reported yet. 


O-methylisourea”. 


The results showed that trypsin molecule’ 
was combined with 6~7 mol. of glucosylamidy! 


residue, and yet the enzymatic activity was 
retained, but the autodigestion was remarkably 
depressed. The amidinated trypsin was more 
stable than the glucosylemidyl derivative. 
These facts described in this report were not 
owing to the mercaptan produced by the reac- 
tion, but evidently owing to glucosylamidina- 
tion or amidination. The mercaptan produced 
during the reaction had no part in the stabili- 
zation of trypsin, which fact is consistent with 


4) C.H. Chervenka and P. E. Wilcox, J. Biol. Chem., 222, 
621, 635 (1956). 

5) E. Schiitte, Z. physiol. Chem., 279, 52, 59 (1943). 

6) J. N. Christensen, J. Biol. Chem., 160, 75 (1945). 

7) F. Micheel and B. Herold, Z. physiol. Chem., 293, 
187 (1953). 

8) K. Maekawa and K. Ishimoto, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), in press. 

9) H. Gutfreund, Trans. Faraday Soc., 51, 441 (1955). 

10) S. Korman and H. T. Clarke, J. Biol. Chem., 221, 139 
(1956). 

11) L. Terminiello, J. S. Ram, M. Bier and F. F. 
Arch. Biochem. Biophys., 57, 252 (1955). 

12) T. Viswanatha and I. E. Liener, J. Biol. Chem., 221, 
961 (1956) 

13) J. S. Ram, L. Terminiello, M. Bier and F. F. Nord, 
Arch. Biochem. Biophys., 52, 464 (1954); F. F. Nord and M. 
Bier, Biochim. Biophys. Acta, 12, 56 (1953) 

14) 1. Rychlik and F. Sorm, Chem. Listy, 47, 618 (1953); 
c. f., Chem. Abstr., 48, 3405 (1954). 

18) E. F. Jansen and A. K. Balls, J. Biol. Chem., 194, 721 
(1952). 

16) L. W. Cunningham, ibid., 211, 13 (1954), 

17) E. Sheppard and A. D. Mclaren, J. Am. Chem. Soc., 
75, 2587 (1953). 
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the result obtained by using 2, 3-dimercapto- 
l-propanol'. 


Experimental 


Amidination and Glucosylamidination of Trypsin. 
-One hundred milligrams of crystalline trypsin 
(Motida Pharm. Co.) was dissolved in 20ml. of 
1/15mM phosphate buffer, pH 8.0 (or Palitzsch’s 
borate buffer) in the presence of 0.01 mM calcium 
chloride!*'%. The protein concentration of trypsin 
was determined spectrophotometrically, using values 
proposed by Green and Neurath* Thus, enzyme 
solution was 0.695 mg./ml. Five milliliters of this 
enzyme solution was added to 3ml. of aqueous 
solution of S-methylglucosylisothiourea hydroiodide 
(70 mg./ml.) and to the equal volume of S-methyl- 
isothiourea (50mg./ml.) respectively. Then the 
reaction mixture was adjusted to pH 8 with a few 
ml. of 0.1N sodium hydroxide, and covered with 
ether to dissolve mercaptan evolving. The solu- 
tions were allowed to stand at 10°C. 

Determination of Combined Glucosylamidyl] 
Residue.—-To | ml. of the solution described above, 
which was taken out at certain time intervals, 5 ml. 
of 0.4m solution of trichloroacetic acid (TCA) was 
added, and the mixture was warmed for a while 
at 50°C. The enzyme derivative precipitated was 
collected by centrifuge, then washed several times 
with TCA in order to remove the sugar compound 
which did not react. As for the precipitate, the 


Ga-group, mg. 


— Esy (Ga —trypsin = Trypsin) 


1 2 3 4 5 


Concn. of glucosylamidyl-trypsin as 
protein, mg./ml. 


Fig. 1. Estimation of the Ga-group combined 
with enzyme. 


18) M. Zacco and L. Fiore-Donato, Fisiol. e med., 16, 
325 (1948); c. f., Chem. Abstr., 44, 3618 (1950) 

19) M. Bier and F. F. Nord, Arch. Biochem. Biophys., 33, 
320 (1951). 

20) N. M. Green and H. Neurath, J. Biol. Chem., 204, 
379 (1953) 
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combined glucosylamidyl residue was determined 
by the modified Briickner’s method?» as follows: 
Namely, I ml. of water and I ml. of 4% aqueous 
solution of orcinol were added to the resulting 
precipitate of enzyme-derivative. Then, 8ml. of 
31.2 N sulfuric acid, cooled with cold water, was 
added to it. After mixing them completely, it was 
heated in a boiling water bath exactly for 5 min., 
then cooled with tap water. The absorbance of 
the solution was measured at 530my, using a 
whole blank solution which contains the same 
concentration of untreated enzyme and which has 
been treated similarly in the reference cell. The 
value of the combined glucosylamidy! residue was 
calculated by multiplying the molecular ratio for 
the value obtained from the estimation of glucosyl- 
amidyl glycine. 

Measurement of the Activity.—One half milliliter 
of the reaction mixture was transferred into 10 ml. 
of 1/15Mm phosphate buffer, pH 7.1 at certain time 
intervals. By using I ml. of this diluted solution, 
the enzymatic activity was measured according to 
the modified Anson’s method by using casein as 
substrate). 


0.80 


0.70 


0.60 


0.30 


0.20 


0.10 





240 260 280 300 220 
a4, mp 
Fig. 2. UV-absorption spectrum of Ga-trypsin. 
Trypsin 
xX - Ga-trypsin 
Ga-trypsin heated for 10 min. at 
100°C 
Ga-trypsin heated for 60 min. at 
100°C 
@-—@ Ga-glycine 


AA 


21) J. Briickner, Biochem. J., @. 201 (1955). 

22) M. Laskowski, **‘ Methods in Enzymology”, Vol. II. 
Ed. by S. P. Colowick and O. Kaplan, Acad. Press Inc., 
New York (1955), p. 33. 
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Determination of the Guanidino-group and Amino 
Nitrogen.—The guanidino-group was determined by 
Sakaguchi’s reaction. The sample was treated in 
the same manner as described in the determination 
of glucosylamidyl residue, because the Sakaguchi’s 
reaction was inhibited by S-methylisothiourea and 
S-methylglucosylisothiourea. Namely, 0.5 ml. from 
the reaction mixture described above was pipetted 
out and the enzyme was precipitated by adding 
TCA solution and washed several times with TCA 
solution, then further washed with absolute alcohol. 
The precipitate was dissolved in 0.1N sodium 
hydroxide and the guanidino-group was determined 
by Weber’s method**. 

The amino group of the precipitate which was 
prepared by the same method as in the determina- 
tion of glucosylamidyl residue was determined by 
ninhydrin reaction according to the method of 
Troll and Cannan? 

Absorption Spectrum and Optical Rotation. 
The sample for measurement of absorption spectrum 
was prepared by exhaustive dialysis against water 
of pH 3 (with hydrochloric acid). The optical 
rotation was determined by using the sample pre- 
pared as follows. A large amount of the reaction 
mixture was brought to pH 3.4 with hydrochloric 
acid, and precipitated at 70 per cent saturation of 
ammonium sulfate and washed several times with 
70% ammonium sulfate. The precipitate was dis- 
solved in water. 

-~0.16 « 6000 


25 ~51.8 
bal = 350.5% 1.058 " 


TABLE I. REACTION OF S-METHYLGLUCOSYL- 


ISOTHIOUREA AND TRYPSIN 


NH2-group 


. Combined sugar Relative 
Reaction component, mg. activity mol 
time | cain % mol. 
Gore protein 
24 hr. ce 89 7.86 
48 7 4.6 78 
72 % 5.7 71 
96 7 6.0 65 6.76 
6 days 6.3 58 
14 7 6.5 53 6.07 
20 7 6.5 53 
TABLE II. REACTION OF S-METHYLISOTHIOUREA 
AND TRYPSIN 
Increase of __ Relative NH,-group 
Reoction amniiien Relative activity mol. 
yrmang amidin€e “activity (with 
time group % 0.01 mM mol. 
%o CaCl.) Protein 
24 hr. 115 95 78 7.86 
48 7 94 68 
72 % 94 57 
96 7 190 93 49 6.92 
193 7 220 93 43 
15 days 92 38 


23) W. Troll and R. K. Cannan, J. Biol. Chem., 200, 803 
(1953). 
24) C. J. Weber, ibid., 86, 217 (1930). 
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TABLE III. 
AMIDYL CASEIN BY GLUCOSYLAMIDYL TRYPSIN 


ENZYMATIC HYDROLYSIS OF GLUCOSYL- 


OR AMIDYL TRYPSIN* 


Enzyme 


Glucosyl- 
(with 0.01 M amidyl 
CaClz, % trypsin 
Casein 82 93 100 
Glucosylamidyl] 70 79 93 
casein 


Substrate Trypsin 


Amidyl 
trypsin 


* Enzyme preparation of trypsin and the two 
trypsin. derivatives taken from the 
incubating mixture in 24hr. from starting. 


were 


Results and Discussion 


The results are shown in Tables I to III. 
Under the condition presented, trypsin (mol. 
wt. 23800) was combined with 6~7 mol. 
of glucosylamidy! residue in 4 days. As the 
result, the color intensity of ninhydrin reaction 
decreased about 14 per cent. The Sakaguchi’s 
reaction has no change by being combined with 
glucosylamidy! residue. By the reaction of 
trypsin and S-methylisothiourea, the guanidino 
group of enzyme derivative clearly increases. 

By glucosylamidination or amidination of 
trypsin, the enzyme does not suffer from the 
loss of the enzymatic activity, but becomes 
rather stable against the autodigestion. It is 
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well known that peptide linkage which involves 
a-amino group of lysine becomes less easily 
digested by trypsin, by blocking the ¢«-amino 
group of the substrate with acetyl group and 
others From the result reported here, it 
is proved that glucosylamidyl casein and amidyl 
casein are resistive to the tryptic digestion, in 
accordance with a report of Weil et al. 

On the other hand, amidyl trypsin and 
glucosylamidy! trypsin have enzymatic activity, 
but it seems likely that homoarginine or 
glucosy!|homoarginine linkage which exists in 
the modified enzyme molecule is not digested 
by trypsin and the modified trypsins. 

It is probably deduced that <-amino group 
of lysine and other groups which are to be 
glucosylamidinated or amidinated have nothing 
to do with the tryptic activity. 


The authors wish to express their thanks to 
Mr. N. Aizawa of the Motida Pharm. Co. for 
a generous supply of trypsin. 
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Electronic Structure and Biochemical Activities in Diethyl Phenyl Phosphates 


By Kenichi FUKUI, Keiji MOROKUMA, Chikayoshi NAGATA and Akira IMAMURA 


(Received February 2, 1961) 


In the recent fifteen years thousands of organo 
phosphorus compounds have been found to 
be endowed with effective insecticidal properties 
and some of them—TEPP, parathion, paraoxon 
and so forth—are now in practical use’. It 
become apparent that the toxicity of these 
compounds to insect or to human being is 
mainly related to the reaction with the cholin- 
esterase enzyme system in the body ), 

Diethyl! substituted phenyl phosphates, which 


1) R. L. Metcalf, ‘Organic Insecticides’, Interscience 
Publishers, Inc., New York (1955), pp. 251-315. 

2) J. E. Casida, J. Agr. Food Chem., 4, 772 (1956). 

3) R. L. Metcalf and R. B. March, J. Econ. Entomol., 
42, 721 (1949). 

4) H.S. Hopf, Ann. Appl. Biol., 41, 248 (1954). 

5) T. R. Fukuto and R. L. Metcalf, J. Agr. Food Chem., 
4, 930 (1956). 


are treated in the present paper, have been 
tested in detail of their toxicities to insects, 
their effciencies of cholinesterase inhibition 
and their hydrolysis constants’~», and each of 
the three has been found to be in line with 
the other ?: phosphates are more toxic when 
their inhibiting activities are larger and when 
their hydrolysis constants are larger. 

Diethy! phenyl phosphates are bound by a 
covalent bond to the esteratic site of cholin- 
esterase in an irreversible phosphorylation, this 
inhibiting the hydrolysis of acetyl choline in 
a normal biochemical cycle. The enzyme-in- 
hibiting mechanisms are proposed by Aldridge 


6) W.N. Aldridge, Chem. & Ind. 1954, 473. 
7) W.N. Aldridge and A. N. Davidson, Biochem. J., 51, 
62 (1952) 
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et al. » to be such as represented by the 
following scheme: 


O x 
EH (C;H;O).P-O 


Oo 
<= EH-(C:H;0)2P-O 


O 
> E-P(OC:H;)2 + HO- : (1) 


where EH is the enzyme, and the second step 
is assumed to be rate-determining. It was 
often said that the initial stage of the step is 
the attack of the electron-releasing, that is, the 
nucleophilic site or atom of cholinesterase on 
the P-O bond of phosphates, and this mecha- 
nism seems to be analogous to that of the 
alkali hydrolysis of the phosphates” and that 
the enzyme-inhibitory activity of the phosphate 
is, therefore, related to the lability of P-O 
bond And furthermore Aldridge estimated 
the strength of the bond by the ionization 
constant of the hydrolysis product the esters 
derived from strongly acidic phenols are highly 
toxic and vice versa. According to his opinion, 
paraoxon is toxic because p-nitrophenol is a 
strong acid. 

In contrast with phosphates, it is interesting 
that highly purified parathion and its homo- 
logues—-diethyl substituted phenyl  thiono- 
phosphates— are little active as inhibitors of 
enzyme systems. They are oxidized in the tissue 
to the corresponding phosphates, which attack 
the cholinesterase, showing the poisoning action 
in vivo experiments?:!!:'~, 

The present authors have established the 
frontier electron theory, one of the quantum 
mechanical theories of chemical reactivity, of 
conjugated molecules, and found that the 
superdelocalizability, the index of reactivity in 
the theory, represents the experimental results 
better than those in other theories' , Fe 
theory has been successfully applied to bio- 
chemical problems as well, for instance, the 
carcinogenic activity of condensed aromatic 


8) D. Nachmansohn and I. B. 
Enzymol. *’, 12, 259 (1951) 

9) B. S. Hartley and B. A. Kiijby, 
(1954). 

10) W.N. Aldridge, ibid., 54, 442 (1953). 

11) R. L. Metcalf and R. B. March, Ann. Entomol. Soc 
Amer., 46, 63 (1953). 

12) R. L. Metcalf and R. B. March, Science, 117, 527 
(1953). 

13) K. Fukui, T. Yonezawa and H. Shingu, J. Chem. 
Phys., 20, 722, (1952); K. Fukui, T. Yonezawa, C. Nagata 
and H. Shingu, ibid., 22, 1433 (1954). 

14) K. Fukui, T. Yonezawa and C. Nagata, This Bulletin, 
27, 423 (1954). 

15) K. Fukui, T. Yonezawa and C. Nagata, J. 
Phys., 26, 831 (1957) ; ibid., 27, 1247 (1957). 

16) C. Nagata, K. Fukui, T. Yonezawa and Y. Tagashira, 
Cancer Research, 15, 233 (1955). 


Wilson, “* Advances in 


Biochem. J., %, 288 


Chem. 
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hydrocarbons' and azo dyes’ the plant 
growth activity of substituted benzoic acids’, 
the nicotine-like activity of choline phenyl 
ethers’? and the fungicidal activity of quino- 
line-N-oxides’’». It is noteworthy, as theore- 
tically indicated by the present authors, that 
these activities are directly related to the in- 
teraction of the conjugated molecule with a 
nucleophilic (electron releasing) atom or group 
of the tissue; and in this connection a discus- 
ssion will be given in a later section. 

Superdelocalizability on the rth atom of 
phenyl phosphates that is to be used in this 
paper is that for a nucleophilic reaction (the 
reagent attacking phosphates has been con- 
sidered nucleophilic in nature'’*) and has the 
following form: 


gm-75 <2 (2) 


j A 


where C,’ is the coefficient of the rth atomic 
orbital in the jth molecular orbital, 4; is the 
coefficient of its energy ¢;—~a-~+A;5, @ and 
5 are the standard coulomb and _ resonance 
integrals, and the summation covers unoccupied 
orbitals. The larger its magnitude is, the more 
reactive the molecule is. he phosphorus atom 
is considered to offer one orbital and one 
electron conjugable with other atoms, as 
has been discussed in our previous paper on 
ATP The coulomb integral of the atom 
X and the resonance integral between the 
atoms X and Y are written as a—ax§ and /3, 
respectively; and in Table I are listed the 
energy parameters used in the paper, which 
are not so different from those in previous 
papers’”: iat 


Results and Discussion 


We calculated the superdelocalizability and 


the electron density on various positions of 
fifteen diethyl substituted phenyl phosphates, 
assuming that in the enzyme-inhibition the 
intermediate complex formation does not affect 
the electronic structure, and comparing with 
experimental results, found that the  super- 


17) C. Nagata, K. Fukui, T. Yonezawa, H. Kitano, Y. 
Inamoto, K. Kanai and Y. Tagashira, Gann, 46, 346 (1955) ; 
K. Fukui, C, Nagata, T. Yonezawa, Y. Inamoto and A. 
Imamura, ibid., 51, 67 (1960). 

18) K. Fukui, C. Nagata and T. Yonezawa, J. Am. Chem. 
Soc., 80, 2267 (1958). 
19) K. Fukui, C. 
87 (1960) 

20) K. Fukui, A. Imamura and C. Nagata, This Bulletin, 
33, 122 (1959). 

21) K. Fukui, K. Morokuma and C. Nagata, ibid., 33, 
1214 (1960). 

The energy parameter of the sulfur atom seems 
unsettled yet. Here we adopted a-s 0.8 so that the 
difference Ja=a-y—a-s comes to 1.2 in accordance with 
Pullmans’ 

22) B. Pullman and A. Pullman. Rev. Mod. Phys., 32, 428 
(1960) 


Nagata and A. Imamura, Science, 132, 
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TABLE I. ENERGY PARAMETERS EMPLOYED IN THE CALCULATION* 
Phosphate part ap=—1 
a.o0 z I; ) 1 
a-s=0.8 lp.s5 =0.85 
aoc. 2 / CF 0.6 
a_o 2 lp_o 0.¢ 
Substituent 
Nitro ax=1 I | ac! =0.2 
ao =1.5 ln_o=!1 
Formy! Gags loco=V 2 ac=0.2 
Cyano a-n=1 loun=1 ac ==0.1 
Chloro aci=2 le-c, =0.8 ac'=0.5 
Methyl acu, =3 le_cy 0.7 
Methoxy aocu,=2 Ic_ocu; =9.9 
Dimethylamino acu, =3 lcu,-n =0.7 
an=1 lx_ct=1 ac! =0.1 


* C’' means the carbon atom adjacent to the substituent. 


TABLE II. 


. , Sp Total 7 
Substituents Superdelocal- res “mn at 
izability oe 
’ density 
2,4-Dinitro 1.132 0.278 
o-Nitro 1.120 0.279 
p-Nitro 1.119 0.279 
p-Formy!| 1.106 0.279 
p-Cyano 1.106 0.280 
2,4,6-Trichloro 1.100 0.280 
2,4-Dichloro 1.100 0.280 
o-Chloro 1.099 0.280 
p-Chloro 1.099 0.280 
Non 1.097 0.281 
m-Nitro 1.097 0.281 
p-Methy!| 1.097 0.281 
m-Methoxy 1.096 0.281 
p-Methoxy 1.096 0.281 
p-Dimethylamino 1.094 0.282 


*| Taken from Ref. 5. 
*2 Estimated from the data of Ref. 6 


SUPERDELOCALIZABILITY AND TOTAL 
ALKALI HYDROLYSIS CONSTANT, CHOLINESTERASE INHIBITORY 
ACTIVITY OF DIETHYL SUBSTITUTED PHENYI 


Zz ELECTRON DENSITY ON PHOSPHORUS ATOM AND 


ACTIVITY AND INSECTICIDAL 


PHOSPHATES 
Alkali Median inhibi- 


hydrolysis tory molar 
constant concentration 


Insecticidal 
activity*® 


(min~!)* (fly-brain ChE)*! 
5.7x10 3.0x 10-9 
(3 x10-*)*? 5.0x 10-3 ++ 
2.7x1@-* 2.6x 10-5 ++ 
Lox"? 
1.3x96-? bee 
7.910 6.0 10-9 + 
4.810 5.010 
5.110 2.010 
3.2x 107° 3.0107: 
9.210 1.0 107° 
1.010 
8.9 107° 1.3x 10-4 
1.0 10 
1.9x10-§ 4.010 


*5 Deduced from the data of median lethal dosage to various insects of Refs. 3, 4 and 5. 


++: very highly active, +: 


delocalizability for a nucleophilic reaction on 
the phosphorus atom has close correlations with 
the case of alkali hydrolysis, and therefore, with 
the cholinesterase (ChE) inhibitory power and 
insecticidal activity, as is clearly seen in Table 


Il. The total electron density on the phos- 
phorus atom seems to show similar relations 
but even the largest difference is 0.004 at 


the utmost and would not be enough to 
elucidate large differences in the hydrolysis 
constants. Indexes of other positions or for 
other kinds of reaction (electrophilic and 
radical) had no such parallelism. These results 
Suggest that in the alkali hydrolysis of phos- 


highly active, 


> active, : less active, : almost inactive. 
phates the attack of hydroxyl anion to the 
phosphorus atom is rate-determining and the 
susceptibility of P-O bond to hydrolysis is 
nothing but the reactivity of the phosphorus 
atom, and would support the existing inter- 
pretation that both to the enzyme-inhibitory 
and to the insecticidal activities the hydrolytic 
attack of a nucleophilic site, probably of the 
esteratic site of cholinesterase, makes a con- 
trolling contribution. 

Interactions of the substrates with the anionic 
site of cholinesterase, which become important 
in the hydrolysis of acetylcholine, are also 
probable for some phosphates; and they will 
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serve as a cause of discrepancy between activ- 
ities of alkali hydrolysis and of esterase-in- 
hibition, since in the former the reagent is a 
hydroxyl group only and has no subsidiary 
anionic site. In this series of compounds, 
however, these interactions do not seem to be 
significant, for we could find no such index 
on any atom in the substituted phenyl group, 
Sterically suitable for the interactions, that 
would rationary explain the discrepancy. 

In Table II, 2,4-dinitrophenyl phosphate is 
less toxic to insects than expected from the 
inhibitory power, this being explained as that 
it would be hydrolytically deactivated in its 
way to the effective site because of its too large 
reactivity. This situation is well understood 
in terms of the superdelocalizability and _ its 
threshold for an effective insecticide seems to 
lie between 1.20 and 1.25. The lack of insecti- 
cidal toxicity of p-formylphenyl phosphate 
which could not be elucidated by experimental 
results» is difficult to explain even by this 
theoretical study, and some other factors would 
have to be considered. 

Furthermore the striking difference of activ- 
ities between phosphates and_ thionophos- 
phates is to be discussed. We calculated as 
an example the superdelocalizability on the 
phosphorus atom of diethyl p-nirophenyl 
thionophosphate, which amounted to 1.056. 
Comparing this value with those of diethyl 
p-nitrophenyl phosphate (1.119) and other 
phosphates discussed above (1.132~1.094), one 
would clearly see the reason why the thiono- 
phosphate in itself is inactive in the inhibition 
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of the enzyme system in vitro. As most 
thionophosphates substituted by other substi- 
tuents are less reactive than the p-nitro com- 
pound, they are well understood to be inactive. 
The metabolic oxidation to phosphates thus 
has a meaning, we may say, in elevating the 
reactivity for a nucleophilic attack. 

The nucleophilic nature of the cholinesterase 
inhibition and toxicity of phenyl phosphates, 
that is, the nature that the phosphate is at- 
tacked by an electron-releasing group, is very 
interesting in connection with our theoretical 
indication that the carcinogenic activity and 
at the same time the anti-tumor activity of 
conjugated compounds appear to be nucleo- 
philic in their essential character as well as 
some other biochemical activities, for instance, 
the anti-fungal activity or nicotine like acti- 
vity’?. The high nucleophilic reactivity of 
the phosphates in question suggests to us, that 
they would be endowed with the carcinogenic 
ability or with the carcinostatic ability, though 
the active site in the tissue will be different 
in each activity. In fact, paraoxon was found 
to have the carcinostatic activity On this 
point a more elaborate discussion will be given 
elsewhere’? 


Faculty of Engineering 
Kyoto Universit) 
Sakyo-ku, Kyoto 


23) B. Mendel, D. K. Myers, I. E. Uyldert, A. C. Ruys 
and W. M. De Bruy, Brit. J. Pharmacol., 8, 217 (1953) 

24) K. Fukui, C. Nagata, A. Imamura and Y. Tagashira. 
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Mass Spectra at Low Ionizing Voltage and Bond Dissociation 
Energies of Molecular Ions from Hydrocarbons 


By Itiro OMURA 


(Received January 18, 1961) 


Since Eyring and co-workers”? first introduced 
the statistical theory to the interpretation of 
mass spectra of hydrocarbons, several authors?~ ‘? 
have reported similar results on simple 
organic molecules. King and Long® pointed 
out that the theory is inadequate at low 
ionizing voltages although it seems qualitatively 
satisfactory at high ionizing voltages such as 





1) H. M. Rosenstock, M. B. Wallenstein, A. L. Wahr- 
haffig and H. Eyring, Proc. Natl. Acad. Sci., 38, 669 (1952). 

2) L. Friedman, F. A. Long and M. Wolfsberg, J. Chem 
Phys., 27, 613 (1957). 


70 V. except for some of the rearrangement 
and hydrogen abstraction processes. Hence, it 
seems very important for the purpose of 
clarifying ion dissociation mechanisms to study 
mass spectra at low ionizing voltages. 

In this paper, the experimental results on 
the mass spectra of some paraffins and olefins, 
especially on the characteristic features of ion 
yield in relation to the ionizing voltages, are 

3) A. B. King and F. A. Long, ibid., 29, 374 (1958) 


4) A. Krope, E. M. Eyring, A. L. Wahrhaffig and H. 
Eyring, ibid., 32, 149 (1960). 
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presented, and discussion is carried out on the 
bond dissociation of molecular ions. 


Experimental 


The instrument used in this work is a Hitachi 
mass spectrometer: type RMS-3, of a single focus- 
ing, 60° sector type with a radius of 100mm. 
Positive ions going into the ion collector are 
detected through a negative feedback amplifier with 
an electrometer tube, Raytheon 5886 tetrode. In 
order to measure appearance potentials, however, 
some slight modifications are made in the ion 
source and the electric circuit belonging to it. A 
shielding electrode is inserted between the filament 
and the ionization chamber of an ordinary ion 
source, the filament is heated by DC currents and 
the ionizing voltage can be changed by 0.1 V. step 
by means of a potentiometer. 

In the experiment, the pressure in the sample 
reservoir and the operating conditions, except the 


TABLE I. APPEARANCE POTENTIALS AND 
ACTIVATION ENERGIES OF PARAFFINS, eV. 





1.19 
> CoH > CH 
C.H,° 12.97 
Hs | 
» CH, > C.He 
12.16 
0.56 3.0 
C;H;* » C,H 
11.76 14.76 
1.0 
C,He” —+ C,H," 
. ; 12.20 
OY oe 1.04 3.22 
ar >» CoH; » CH 
12.24 15.46 
0.64 
— C.H,* — C2H,* 
11.84 
0.78 
> C,H,* 
11.11 
0.63 2.54 
» C,H;* + C3H;” 
10.86 13°40 
0.54 
n-CyHy* - > C,H, 
10.23 10.77 
2.32 
—- C:H;* — CH 
[2.355 
L.2Z 
—- C:H,* 
11.45 
1.37 
— C,H, 
11.6 
0.93 3.39 
— C,H;,* > C3H,;* 
11.16 14.55 
0.65 
iso-C,H,,*———_ C3He* 
10.23 10.88 
337 
—- C:2H;* — C.2H;* 
13.80 
3.84 
—» C.H,* 
14.07 
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ionizing voltage, of the ion source are kept nearly 
constant. 

The extrapolation method» is applied to obtain 
the appearance potentials, and krypton (ionization 
potential spectroscopically obtained: 14.03 eV.©) is 
used as the calibrating gas. 


Experimental Results 


Paraffins.—_The appearance potentials obtain- 
ed for straight and branched paraffins are 
shown in Table I together with bond energies 
calculated from the appearance potentials. 
Numerals under the chemical formula of ions 
represent the appearance potentials in electron 
volts and those above the arrows the bond 
energies or the activation energies in unimole- 
cular decomposition. These energy values are 
in good agreement with the values reported 
by Field and Franklin” 

In Figs. 1, 2 and 3, relative yields of 
principal ions are shown in relation to the 
ionizing voltage. The abscissa, V.—J, is the 
excess energy of the ionizing electron over the 
ionization potential of the parent molecules. 
Since M/e 29 peak in a mass spectram of 
isobutane results from the summation of a 
rearrangement peak (C.H;*) and isotopic peaks, 
correction is necessary for the estimation of 


oO 
oO 


Total ion yield, 








30 40 50 60 70 80 90 


V.-T, ev. 
Fig. 1. Low voltage yield of ions from 
propane. 
: Type I >) : Type Il 
@ : Type Ill ¢ : Type IV 


5) T. Mariner and W. Bleakney, Phys. Rev., 72, 807 
(1947). 

6) J. D. Morrison, Revs. Pure Appl. Chem., 5, 22 (1955). 

7) F. H. Field and J. L. Franklin, ‘‘Electron Impact 
Phenomena and the Properties of Gaseous Ions’’, Academic 
Press Inc., New York (1957). 
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60 
50 
= 
) a) 
& 30 
F 20 
) 
10 
0 2X+-0-0-0-—0 = 
0 10 20 30 40 50 60 70 80 90 
V.—I, eV. 
Fig. 2. Low voltage yield of ions from 
n-butane. 
: Type I : Type Il 
@ : Type Ill « : Type IV 
— 
60 
50 
= 40 
2 
= 30 
= i C3H, 
s 
= 20 Hl 
C3H, 
C.H; 
10 C3H; 
Ce ce, | 
0 “i = —50-C,H, 
0 10 20 30 40 50 60 70 80 90 
V.—T, eV. 
Fig. 3. Low voltage yield of ions from 
isobutane. 
| : Type I : Type II 
@ : Type Ill © : Type IV 
the C.H;* yield from the spectrum. The curve 
for C.H;* in Fig. 3 is a curve corrected by 


Washburn’s method”. 


8) G. P. Barnard, ‘‘Modern Mass Spectrometry” 
the Institute of Physics, London (1953), p. 201 
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These curves can be classified into four types. 
though it is difficult to classify some ions 
because they show medium aspects between 
two neighboring types. Type I curves are for 
those ions whose relative yield is very high 
at very low excess energies and decreases 
rapidly with the increase of ionizing voltage. 
Type II curves are for those ions whose relative 
yield rises rapidly to a maximum at an excess 
energy of 5~10eV., and decreases to a nearly 
constant value. Type III curves are for those 
ions whose relative yield rises to a nearly 
constant value without passing a_ distinct 
maximum or after passing through a slight 
maximum at an excess energy higher than 10 
eV. Type IV curves are for those ions whose 
relative yield increases slowly and does not 
level off until much higher ionizing voltages. 

Parent ions and fragment ions of low 
activation energies belong to Type I. The 
activation energies of ions belonging to Type 
Il are in a range between about 0.3. and 2 eV., 
and those to Type III in a range between 
about 2 and 3.5eV., while those to Type IV 
are larger than 3eV. The classification of 
principal ions from four paraffins are listed in 
Table II. 


TABLE II. CLASSIFICATION OF 
PRINCIPAL IONS 
Substance 
Type 
Ethane Propane n»-Butane Isobutane 
I C.H¢ . ce sH. 2 n-C,Hio F iso-C,H,, - 
C,H; C,H, 
C3H¢* 
II C:H;* C3H; C,Ho9* C,H, 
C:H,* C3H, C:H,* C;H;* 
C:H,* 
Ill C.H C;H C,H,* C,H. 
C:H, C3H, C3H;* C,H; 
C2H¢ C:H;* C.H 
C.H C:.H 
IV CH C,H C,H; C3H, 
C,H» C;H3* C,H 
C.H C.H CoH, 
C.He C:H;* 
CH 
CH 
Olefins.—Similar results are obtained for 


straight olefins. The appearance potentials and 
the activation energies obtained are shown in 
Table III]. These data are also in good agree- 
ment with the values of Field and Franklin 

Comparing Table III with Table I, the ioniza- 
tion potentials of olefins are considerably lower 
than those of paraffins with the same carbon 
numbers. This may be caused by the fact that 
z-electrons are concerned in the ionization of 
olefins. Activation energies, on the other 
hand, are higher for olefins than for paraffins. 
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TABLE III. APPEARANCE POTENTIALS AND 
ACTIVATION ENERGIES OF OLEFINS, eV. 








3.72 
peti C:2H;* 
C.H,* “a 14.36 
10.64 » CoH" 
13.61 
2.37 
> C3H;* ~ 
12.11 y 
2.78 s 
~ GH, a 
‘ ; 12.52 
ay 3.09 5 
— C,H,’ i 
12.83 = 
4.06 z 
—+ C>2H;* 
13.80 
2.29 
> C,H;* 
12.01 
2.06 2.04 
1-C,H.* - > C3H;*+ — > C;H,* 0 
9.72 11.78 13.82 0 10 20 30 40 50 60 70 80 90 
2.6 
Ci. Ve — I, eV. 
12.33 Fig. 4. Low voltage yield of ions from 
1.95 propylene. 
. CHE Av: Type I O : type 
11.20 @ : Type Ill e): Type IV 
2.35 2.45 
> C3H;* + C,H 
3 
cis-2-C,H.* 11.60 13.75 
9.395 30 
> C.H;* > C.H 
12.25 
2.94 
> C,H," > C.H:* 
12.19 


TABLE IV. CLASSIFICATION OF PRINCIPAL IONS 








Substance ” 
Type < 
Ethylene Propylene 1-Butene cis-2-Butene <3 
I C.Hy* = C,H -CyH,* —-2-CyH5* = 
iI C,H" C,H C,H:* 5 
C,;H,* C,H; C,H,;* sai 
C,H, Ss 
Wl =o GH, = GHy* GHG GH " 
C.H C,H» C,H C,H,” + 
C:H;* C,H," C,H,* CH; 
C,H," C,H; C,H3;* C:Hy 
C;H:*  C3He* 10 C:Hi 
C;Ho* = CyHy* XC.H, . 
C,H, C,H," <C.H; 
CH; * C,H»* 0 C3H4 
ere ass 0 10 20 20 40 50 60 70 8&0 90 
Rep sik V.—I, eV. 
AV C:H C,H" C,H, * C2H;" Fig. 5. Low voltage yield of ions from 
C; C C;H2* C:H,* isobutene. 
C:H,* C;H* 
C:H3" C:H;* : Type I ©: Type II 
oan @ : Type Ill ®): Type IV 
C H:* 
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Fig. 6. Low voltage yield of ions from 
cis-2-butene. 
: Type I 
@ : Type Ill 


: Type Il 
e : Type IV 


Relative yields of principal ions are shown 
in Figs. 4, 5 and 6. The C.H;* yield in Fig. 
6 is a corrected curve by Washburn’s method”. 
As in the case of paraffins, the curves can be 
classified into four groups and the activation 
energies generally become larger from Type I 
to Type IV. 


Discussion 


It has been believed that the statistical 
theory of unimolecular reaction’? can be applied 
to the interpretation of decomposition of 
molecular ions by the impact of electrons with 


‘comparatively high energies. The theory is 


based on the presumption that molecular ions 
do not decompose instantaneously into ionized 
and neutral fragments, but the electron energies 
are uniformly distributed to whole bonds of 
molecular ions and then they are concentrated 
in a specific bond, causing the decompotision 
related with the electronic state of fragment 
ions. 

According to the theory, a positive charge is 
distributed to a C-C or C-H bond and the 
bond rupture of a molecular ion is closely 
related with the distribution of the positive 
charge‘’. For instance, a parent ion of propane 
is presumed to be a hybrid of the following 
three structures’? explained in terms of 
resonance : 


H,=C+CH,—C=H; (1) 


Mass Spectra at Low Ionizing Voltage and Bond Dissociation Energies 1231 


H;*—C—CH;—C=H (2) 

H—H 
H;* =C-—CH=CH; (3) 
Fragment ions C.H;* and C;H-* can be 


expected from simple primary decomrositions 
of the first and second structures. respectively. 
If a neutral molecule H-H is removed from 
the third structure, an ionic structure would 
be expected, H;* =C- CH=CH), regarded as an 
olefinic molecular ion”. Thus the ionic 
structures concerned with the distribution of 
positive charge are very important for the 
primary rupture of C-C or C-H bond. 

As mentioned above, a probable process fcr 
the C;H,* creation from C;Hs* is a primary 
decomposition as follows: 


H H H H: H-H! 
H-C-C-C-H —= H-C-C-C-H 4) 
H H H HH H 


or simply 
C;3H;* —— C3He* + He 5) 


As seen in Table I, the activation energy of 
C;H,* is a little less than twice the activation 
energy of C;H-. This seems to be an energy 
transfer effect showing that the energy in the 
rearrangement of hydrogen atoms is given away 
from a hydrogen molecule to a resonant ion. 
From the relation of decomposition energy, 
the C;H ions can not be expected through 
a secondary decomposition given by 

C3H, > C;H;* +H — C,H 2H (6) 


The fragment ions C;H;*, on the other hand, 
are expected through a secondary decomposi- 
tion as follows: 
C,H, + C3H; H 
> C,H H.-H (7) 


In this case, energy transfer may also take 
place between a neutral hydrogen molecule 
and a resonant ion. 

The C;H;* ions from paraffins are caused by 
a secondary decomposition, but those from 
olefins by a primary decomposition. For 
instance, the C;H ions from propylene are 
produced through both or either of the 
following process: 


HHH. Ho \H/A 
C-C=C tH C-C=C-H (8) 
H” 5” .8 78% 


These two ionic structures are based on the 
assumption of electron migration’, though 


9) D. P. Stevenson and J. A. Hipple, Jr., J. Am. Chem 
Soc., 64, 1586 (1942). 

10) G. R. Lester, “‘ Advances in Mass Spectrometry ” 
Symposium Publications Division, Pergamon Press (1959), 
p. 287. 
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unfortunately their relative importance has 
not been exactly proved by experiment. The 
positive charge is distributed more probaly on 
C-C bond than on C-H bond, but the principal 
ions intensities have shown that the “ no-bond 
structures” give an effect of greater importance 
for the bond rupture. In of butene, 
however, the rupture of C-C bond is more 
probable. The reason may be in the fact that 
the effects of double bond or no-bond structures 
are weaker in case of butene than in case of 
propylene. 

It was reported that there might be a simple 
relation between the yield of fragment ions 
caused by the rupture of C-H bond of the 
parent ions and the number of bonds'', but 
this theory has not been proved by experiment’. 
The results of the present experiment shown 
in Table V also contradict the theory. If the 


case 


TABLE V. RELATIVE AMOUNT OF PRINCIPAL IONS 
TO TOTAL IONS AND RATIO OF C-H BONDS TO 
TOTAL BONDS IN A HYDROCARBON 
7 C-H bonds Cell * ens Colt * en 
Substance Total bonds’ Total ions Total ions 

C.H¢ 0.87 0.09 
C,H. 0.80 0.08 
n-CyH,y 0.77 0.007 
iso-C,H, 0.77 0.008 
CoH, 0.8 0.24 
C;He 0.75 0.24 
1-C,H, 0.74 0.05 
cis-2-C,H. 0.74 0.05 


distribution of positive charge on C-C and 
C-H bonds are calculated more precisely by 
the orbital theory, the process of decomposi- 


tion of molecular ions might be explained 
more clearly. 
Since the fragment ions C.H,* from iso- 


butane are believed to be of olefinic structure 
and can not be expected to result from C.H;* 
ions, the process may be as follows: 


iso-C,H,)* ——~ CH;—CH CH,—CH 
> CH, ~CH2* +C.H; (9) 
The energy necessary for reaction 9 is about 


3.84eV. The fragment ions C.H from _ iso- 
butane also seem to be caused by primary 
decomposition; and a referred process may be 
as follows: 

iso-C,H > CH;—CH CH;-—CH 


CH:*+C:H (10) 


The energy necessary for the C.H;* creation 
is about 3.57eV. and a little less than that for 
the C.H,;*. These processes 9 and 10 may be 


— CH 


11) F. L. Mohler, L. Williamson and H. M. Dean, J 


Research NBS, 45, 235 (1950). 
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explained by the presumption of hydrogen 
transfer and rearrangement respectivly. 

The C:H;* and C2H ions from cis-2- 
butene may be produced through the following 
processes, respectively : 


cis-2-C,H,* ——~ CH;—CH* +CH—CH 
» CH, ~CH,2* + CoH, (il) 
and 
cis-2-C,H,* > CH; -CH* +-CH—CH; 
» CH; —-CH:2* +C:H (12) 
Hydrogen migration and rearrangement are 


related, as in cases of the reactions 9 and 10. 
Contrary to the case of isobutane, the activa- 
tion energy for C.H;* ions is much greater 
than that for the C.H;* ions. This may be 
one of the double bond effects. Another 
double bond effect is shown in Table VI. The 


TABLE VI. DOUBLE BOND EFFECT OF OLEFINS 
Substance ‘nization “See ee yield 
potential CH Cc C-H CC 
n-C, Hy 10.23 1.57 0.63 2 I 
1-CyHs 9.72 2.29 2.06 2 2 
cis-2-C,Hs 9.25 1.95 2.35 z ys 


activation energy for a bond rupture is greater 
in cases of 1l-butene and cis-2-butene than in 
the case of n-butane, especially for the rupture 
of C-C bond. 

In order to examine chain branching effects, 
the results on propane, n-butane, and iso- 


butane are compared in Table VII. The 
TABLE VII. CHAIN BRANCHING EFFECT 
OF PARAFFINS IONS 
- Activation Type of total 

Substance fonization energy ion yield 

potential CH CC C-H Cc 
C,H, 11.20 0.56 1.04 2 3 
n-C,H, 10.23 1.57 0.63 2 1 
iso-CyHjo 10.23 1.37 0.93 2 Z 


activation energies for both C-C bond rupture 


and C-H bond rupture of iso-C;H,;)* are 
between those of C;Hs* and n-C,Hi)*, respec- 
tively. 

Summary 
Relative yields of parent and _ principal 


fragment ions from four paraffins and olefins 
by electron impact are measured for the 
first time. The characteristic features of the 


ion yields can be classified into four types 
related with the ionizing voltages. The 
decomposition processes for some fragment 


ions can be explained under some assumptions, 
and those for forbidden ions C,H;* from iso- 
butane and cis-2-butene under the assumption 
of hydrogen rerrangement. 
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Hydrogels of agar-agar are typical examples 
of polymeric thermo-reversible gels, and have 
long been the objects of the researches in 
colloid chemistry for these several decades’. 
Much remains unknown, however, concerning 
these gels even at present. In the study of 
thermo-reversible gels rheological methods are 
the most appropriate ones, and especially, the 
recent development of rheology has brought 
to light many new means for that purpose. 
The author has made a series of rheological 
studies on thermo-reversible gels*’*?, and a 
stress relaxation experiment has been made on 
the hydrogels of agar-agar, a part of the result 
of which was reported previously”. In this 
paper more comprehensive results and discus- 
sion are given. 


Experimental 


Sample. — Simple I was given by Nihon Kaiso 
Kogyo Co., whose specification is shown in Table 
I together with that of sample II used in the 
previous experiment” for comparison. The intrinsic 
viscosity [7%], at 25°C of the aqueous solution of 
agar-agar was obtained by means of a capillary 
viscometer of the Ostwald type, and the molecular 
weight was calculated from the value of the intrinsic 
viscosity according to the following formula 1”. 


¥les=(3.7x 10-4) M, (1) 


id 


molecular weight is, however, an 
approximate one, because the reproducibility in the 
viscosity measurement at 25°C is not so good as 
that in the measurement at 60°C described below. 
The preparation of cylindrical gels for the stress 
relaxation experiment was made as follows A 
powder sample was mixed with water in a vessel, 


The obtained 


1) T. Nakagawa, J. Chem. Soc. Japan, Pure Chem. Sec 
(Nippon Kagaku Zasshi) 72, 390, 626 (1951) ; F. Hirata, ibid., 
58, 1156 (1937); 59, 1, 7 (1938); N. Hirai, ibid., 72, 837 
(1951) ; 73, 65, 68 (1952): K. Ninomiya, ibid., 76, 72 (1955) 

2) K. Arakawa and K. Atsumi, ibid., 80, 133 (1959) 

3) K. Arakawa, This Bulletin, 31, 842 (1958); 32, 1248 
(1959) ; 33, 1568 (1960). 

4) N. Hirai and N. Nishimura, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 75, 248 (1954). 


and was dissolved by heating on an oil bath with 
a reflux condenser for two hours, and then was 
poured into cylindrical moulds. After the surfaces 
of the cylinders were covered with liquid paraffin 
in order to avoid the evaporation of water, the 
specimens were annealed in a thermostat. After 
24hr. specimen gels were taken out from the 
moulds and were aged at room temperature for 
more than two weeks. The dimension of the 
specimen was about 3cm. in height and 2cm. in 
diameter. The preparation of the solution for the 
measurement of viscosity was made according to 


“the same procedure as that described above, and 


the measurement was made after the 
preparation. 

Apparatus.—A chainomatic relaxometer was used 
to measure the relaxation of Young’s modulus of 
the cylindrical gels, which was the same one as 


that used previously-:* 


directly 


TABLE I. SAMPLES 
Sample I Sample I 
Ashes, % 2.9 L.3 
[7]es, 100 cc./g. 16.1 2.9 
Molecular weight 40000 8000 
Results and Discussion 
Viscosity of Agar-agar Solution. — The data 


of viscosity for the solution of sample I at 
60°C are given in Fig. 1. As is seen in Fig. 
1, the curve of 7sp/C vs. C relation rises with 
decrease of concentration after passing through 
a minimum point. This is the characteristic of 
the solution of polyelectrolyte in general and 
the same behavior of solutions of agar-agar 
was reported recently by Sakamoto and 
Kishimoto”. 

Stress Strain Relation. — The setress o of 
2.6% gel of sample I at 25°C is plotted against 
the compressional strain 7 in Fig. 2. The 
stress @ was measured accurately 2 min. after 
the instant of loading for all strains. It is 


5) M. Sakamoto and A. Kishimoto, Bull. Japan. Sox 
Sci. Fisheries, 26, 25 (1960) 
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Fig. 1. Viscosity vs. C relation. 
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Fig. 2. Stress strain curve at 25°C. 

clearly seen in Fig. 2 that the stress strain 


relation is linear within the amount of strain, 
15%. 

Stress Relaxation. — The relaxation Young’s 
modulus E,(t) of 2.6% gel of sample I under 
constant strain at various temperatures is 
plotted against logr in Fig. 3, where ¢ is time 
and E,(t) is ¢/y. The amount of the imposed 
strain 7 is 5% for all temperatures, which is 
within the range of the linear relation between 
stress and strain. 

The data of stress relaxation on the hydrogel 
of sample II of the same concentration, which 
were reported previously”, are plotted again in 
Fig. 4 for comparison, but without the multi- 
plication factor 298/T in this case. The 
relaxation curves in Fig. 3 show the inversion 
of the mutual position with lapse of time. It 
may be said that in the short time region and 
at the comparatively low temperature rubber 
elasticity appears predominantly, but with the 
lapse of time the junction cleavage occurs 
more frequently at the higher temperatures. 
However, in Fig. 4 no inversion is seen. This 
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Fig. 4. Relaxation Young’s modulus of 


2.6% gel (sample II). 


may be partly attributed to the difference in 
the molecular weight of agar-agar. 

Analysis of Relaxation Data by Mechanical 
Model. -- The mechanical behavior of these 
gels is represented by the 6-elements mechani- 
cal model shown in Fig. 5. According to this 
model, E;(t) under constant strain is expressed 
by Eq. 2, 


E.(t) = E,e~ */*: + E,e- */*: + Eze-*/* (2) 
where 7:=%1/E1, t2=%2/E2, and t3=73/Es3. 
The results obtained from the curves in Fig. 
3 and Fig. 4 by means of Eq. 2 are given in 
Table II. The calculation of the model 
constants was made by repeating the procedure 
described in the previous paper when the 
following condition (3) was assumed. 


Ti P>T29T (3) 

As seen in Table Il, this is satisfied. 
The Maxwellian element of the relaxation 
time t; may be regarded as the representation 


September, 1961] 








9 
—— oma 
E, S E, = E > 
| 7 
7, \—I 7, |——| 7 I< 
j | | 
+ 
Fig. 5. Mechanical model. 
TABLE II. CONSTANTS OF MECHANICAL 
MODEL OF 2.6% GEL 
Sample I &, E. BE; Ty T2 T3 
_& 10° dyn./cm? hr. min. min. 
5 8.2 4.3 1.5 90 16 1 
14.7 8.0 4.3 ye 90 12 1 
25.0 7.8 4.2 3.0 40 11 1 
33.7 5.8 2.8 2.9 34 17 3.3 
44.6 5.0 2.39 3.9 26 18 3.8 
54.3 3.2 1.5 YE 13 18 3.8 
Sample II 
16.5 10.0 1.5 1.3 42 12 1 
25.0 8.8 1.6 1.6 42 13 0.8 
35.4 8.4 L.2 1.9 18 17 1.4 
46.5 7.9 1.8 2 15 10 1 
56.6 7.0 1.8 ee: 17 12 0.8 
65.8 3.9 1.4 iF 9.8 17 1.4 
of the main network structure. The linkage 


supporting this network may be of secondary 
nature, considering that the hydrogel of agar- 
agar makes sol-gel transition reversible, and 
the bond cleavage process in the gels under 
constant strain may occur at the junctions in 
the network, not along the network chains. 
From the 7; vs. 1/7 relation shown in Fig. 6, 
the average activation energy JH is obtained 
for the dotted line, and is given in Table III, 
together with the values calculated from the 
previous data” for 4.0 and 1.0% gel of sample 
iI. 

mae (4) 

0(1/T) 

In the agar-agar gels the chain skeleton is 
composed of the chain of galactose. In natural 
cellulose the activation energy for the cleavage 
of hydrogen bonds along a-axis in crystalline 
region is 7~8 kcal./mol.°? The value given in 
Table III is 4.5~6.6 kcal./mol., which is smaller 
than the above value in natural cellulose, and is 
camparable with the activation energy of the 
hydrogen bond between water molecules, 4.5 
kcal./mol., and that for ethyl alcohol, 6.2 kcal. 
mol. From the above consideration it may 


6) N. Saito, “High Polymer Physics’’, Shokabo, Tokyo 
(1958), p. 8. 

7) L. Pauling, *‘The Nature of the Chemical Bond”, 
Cornell Univ. Press, Ithaca (1940), Chap. 9 
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Fig. 6. 7; vs. 1/T relation of 2.6% gel. 
TABLE III. AVERAGE ACTIVATION ENERGY JH 
Sample I Sample II 
Concn., % 2.6 1.0 2.6 4.1 
JH, kal./mol. 6.6 4.8 5.8 4.5 


be said that in the hydrogel of agar-agar the 
secondary bond between each agar-agar molecule 
which constructs the gel structure is the 
hydrogen bond between galactose, and that the 
bond is a little weakened by the effect of 
solvent molecule, compared with the hydrogen 
bond in the micelle of natural cellulose. 


Summary 


A rheological study was made for the 
hydrogels and the solution of agar-agar. The 
viscosity vs. concentration relation exhibits the 
character of polyelectrolyte. From the stress 
relaxation data obtained by a chainomatic 
balance relaxometer the following results were 
obtained. 

1) The behavior of hydrogels of agar-agar 
is represented by the 6-elements mechanical 
model. 

2) The activation energy of the secondary 
bond between agar-agar molecules which con- 
structs the gel structure is 4.5~6.6 kcal./mol. 

Then, there was some discussion on the 
structure of the hydrogels of agar-agar. 


The author is indebted to Mr. Mineo Watase 
for his cooperation in carrying out this study. 


Department of Chemical Industry 
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Studies on Long Chain Alkyl Amides of Water-soluble Poly-a-amino 


Acids. I. 


Amphipathic Properties of Poly-DL-alanine Dodecylamide 


By Toshizo IsemMuRA, Shoichi IkepA, Fumikatsu Toktwa* and Junzo NoGucui** 


(Received February 3, 


It has been established that poly-a-amino 
acid can be synthesized by the polymerization 
of N-carboxy-a-amino acid anhydride'’”, and 
a basic substance such as sodium hydroxide, 
sodium methoxide or organic amines (e. g., n- 
hexylamine, triethylamine) initiates the poly- 
merization effectively The polymerization 
reaction, initiated by a 
generating an active hydrogen, proceeds as a 
stepwise addition of amino acid residues in 
the following manner: 

R-CH-CO 
x O HB 
NH-CO 
R 


>» H-(-NH-CH-CO-),-B x CO; 


The free amino group of poly-a-amino acid 
produced in each step of the reaction reacts 
with another molecule of N-carboxy anhydride. 
The stepwise polymerization then goes on 
until all the N-carboxy anhydride molecules 
are consumed, and the resulting poly-a-amino 
acid would have a 
polymerization (x) equal to the initial an- 
hydride-initiator molar ratio ({A]/ [I] ). 

The poly-a-amino acid prepared in this way 
would have a basic residue (B) at the terminal 
carboxyl group linked by 
an organic amine such as primary alkyl amine 
has been chosen as the initiator for polymeriza- 
tion. Thus an amphipathic poly-a-amino acid 
amide, which has both hydrophilic and hydro- 
phobic groups in a molecule, may be readily 
synthesized by the above method, if the fol- 
lowing conditions are satisfied. The poly-a- 
amino acid is soluble in water, the basic 
residue is composed of a hydrophobic group 
such as long paraffin chain, and the hydro- 
phility of the poly-a-amino acid part is well 
balanced with the hydrophobicity of the basic 
residue, i.e., the initial [A]/[I] ratio is pro- 
perly chosen. 


Present Address : Research Laboratory, Kao Soap Co., 
Lid., Wakayama. 
Present address: 
University, Kanazawa 
1) E. Katchalski and M. Sela, Adv. Protein Chem., 13, 
243 (1958). 
2) E. Katchalski, ibid., 6, 123 (1951) 
3) E. R. Blout and R. H. Karlson, J. Am. 
78, 941 (1956). 


Faculty of Science, Kanazawa 


Chem. Soc., 


base (HB) capable of 


number average degree of 


an amide bond, if 


1961) 


Aside from the difference in chemical struc- 
ture, the chain conformation and other related 
properties of poly-a-amino acid are greatly 
dependent on the constituent amino acid 
residue’? as well as on the degree of poly- 
merization, medium and temperature. The 
manifold possibility in the use of various 
water-soluble poly-a-amino acids would make 
the studies of amphipatic poly-a-amino acid 
alkylamide significant for elucidating the 
hydrophilic nature of different amino acid 
residues and the effect of the type of residue 
on the properties of amphipathic polymer and 
its hydrogen bonding nature. Furthermore, it 
is expected that the polymers would find 
practical uses as surface active agents. 

It is noted that the reaction mechanism of 
polymerization of N-carboxy-a-amino acid an- 
hydride is apparently analogous to that of 
ethylene oxide and the structure of poly-a- 
amino acid amide resembles that of polyoxy- 
ethylene alkyl amine or ether. 

The present paper deals with the synthesis 
and amphipathic nature of poly-pi-alanine 
alkyl amide, especially, of poly-pL-alanine 
dodecylamide, in relation to the degree of 
polymerization of polyamino acid part in a 
molecule. 


Synthesis 


N-Carboxy-pt-alanine anhydride (pt-alanine 
NCA) was prepared from pt-alanine by the 
phosgene method The polymerizations were 
initiated with either dodecylamine, cetylamine 
or N-myristyl-S-alanine at [A] / [I] ratios which 
varied from 5 to 30. The polymers obtained 
were dodecylamide (1), cetylamide (II) or N- 


carboxyethyl-myristylamide (Ill) of poly-pL- 
alanine: 
CH 
C,2:H2;NH-(-CO-CH-NH-),-H (1) 
CH, 
C.isH3; NH-(-CO-CH-NH-),-H (II) 


4) e. g., E. R. Blout, C. de Lozé, S. M. Bloom and G. 
D. Fasman, ibid., 82, 3787 (1960). 

5) P. J. Flory, ibid., 62, 1561 (1940). 

6) A. C. Farthing, J. Chem. Soc., 1950, 3213; J. L. Bailey, 
ibid., 1950, 3461. 
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CH; 
Cis4H29N-(-CO-CH-NH-) ,-H (111) 
CH:CH;COOH 


Among them, poly-pi-alanine dodecylamide (I, 
abbreviated to PADA) was investigated in 
some detail, and some of its characteristics are 
listed in Table I, with reference to the [A] /[I] 
ratio. 


TABLE I. CHARACTERISTICS OF PADA AND 


POLY-DL-ALANINE 


PH of Mole of HCl 
Sample No. [Al/[l] x suspension required for 


or dissolution 

solution® 10~% mol./g. 
PADA(A431) 5 5.4 7.4 1.8 
4” (A432) 10 10.2 6.7 0.50 
4 (A433) 15 14.6 6.5 0.24 
4” (A434) 20 = 18.5 6.1 0 
Poly-DL-ala- 50 28.8 3.7 0 


nine (J928) 


a) 0.75g. sample in 100 ml. water 


polymerization 





Number average degree of 











0 5 10 15 20 
[A]/{1] 

Fig. 1. PADA from polymerization in dioxane 
with dodecylamine initiator ; number average 
degree of polymerization (x) as a function 
of  anhydride-initiator ratio ([A]/L)), 
(dashed line represents ‘‘ theoretical” x- 
[A]/{I] relationship). 


The number average degree of polymerization 
of PADA was determined by the titration of 
a terminal amino group with perchloric acid 
It should be equal to the [A]/[I] value, and 
Table I and Fig. 1 show that this relation is 
nearly fulfilled. Hereafter, the designation x 
is used instead of [A]/[I] for specifying a 
PADA preparation, although the value of x is 
not strictly equal to that of [A]/[I]. Values 
of x were slightly lower than the [A] /[I] value 
at higher [A]/ [I] ratios. The discrepancy may 


7) A. Berger and M. Sela, J, Am. Chem. Soc., 77, 1893 
(1955). 


be ascribed either to the error in the titration 
which is enhanced at higher [A] [I] ratios or 
to the presence of a few thermal carboxyl 
groups which has been formed in a termination 
reaction during the polymerization in the fol- 
lowing manner”: 


H;,;C-CH-CO 
O 
NH: + NH-CO 
CH; 
NHCONHCHCOOH 


The results of the terminal amino analysis 
and infrared data as described below confirm 
the formation of PADA, i.e., poly-pL-alanine 
linked with dodecylamine in its’ terminal 
carboxyl group, in the case of the polymeriza- 
tion of N-carboxy-pi-alanine anhydride initiated 
with dodecylamine. 

PADA is insoluble in ordinary organic 
solvents such as acetic acid, chloroform, and 
dimethylformamide, but is soluble in formic 
acid, dichloroacetic acid and m-cresol. 

PADA of x>17 is soluble in water, but 
PADA of x< 17 gives a turbid solution in 
water, the turbidity increasing with decreasing 
x. Polyoxyethylene dodecylamine becomes 
soluble in water for the degree of polymerization 


_ higher than 8°. However, PADA of any x 


value is soluble in an aqueous acid solution, 
the free terminal amino group being ionized. 

While the aqueous solutions of polyoxy- 
ethylene derivatives are known to exhibit the 
clouding phenomenon when heated’, no such 
phenomenon is observed for PADA solution. 
This may be attributed to the formation of 
stronger hydrogen bonding between pt-alanyl 
residue and water molecule than that between 
oxyethylene residue and water molecule, the 
former being kept unbroken even at high 
temperatures. 


Experimental 


N-Carboxy-pL-alanine Anhydride. — pL-Alanine 
(20g.) was suspended in dry dioxane (300ml.), 
stirred and phosgene bubbled in for about 3hr., 
maintaining the temperature at 35~40°C. After 
the completion of the reaction carbon dioxide was 
passed through the solution until free of phosgene. 
The solvent was removed at reduced pressure. Then 
anhydrous ether was added and evaporated under 
reduced pressure, and this procedure was repeated 
several times. Dry petroleum ether was poured 
into an oily residue, and pi-alanine NCA was 
recrystallized after keeping the oil for 24hr. at 

15°C. pt-Alanine NCA was recrystallized from 
ether-petroleum ether. M.p. 45-C, yield 80%. 


8) T. Otsuka, personal communication. 
9) L. Raphael, /st. Int. Cong. on Surface Active Agent, 
1, 52 (1954). 
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Poly-pL-alanine Dodecylamide.—After an appro- 
priate amount of dodecylamine (for example, 1.6. 
at [A]/[I] —10) was dissolved in dry dioxane (200 
ml.), DL-alanine NCA (10g.) was added to it at 
room temperature. Polymerization was allowed to 
proceed for several hours. The suspension of 
PADA was poured into a large amount of ether, 
the precipitate was gathered by centrifugation and 
dried in vacuo. 

Other Derivatives of Poly-pt-alanine.—-Poly-pL- 
alanine cetylamide and poly-pL-alanine N-carboxy- 
ethyl-myristvylamide were synthesized in the same 
manner as described above, using cetylamine and 
N-myristyl-5-alanine as initiator, respectively. Poly- 
DL-alanine was prepared by polymerizing with tri- 
ethylamine-initiation at [A]/[I] =50, the average x 
of which was found to be 28.8 by end-group 
analysis. 

Titration of Terminal Amino Groups. — A N/ 20 
perchloric acid solution was prepared by adding 
calculated amount of 70%, perchloric acid to glacial 
acetic acid. After standing overnight, this solution 
was standardized by titration with pure sodium 
carbonate in glacial acetic acid, using crystal violet 
(0.2% glacial acetic acid solution) as indicator. 

A sample of 50~80 mg. was weighed into a 50 ml. 
Erlenmeyer flask, dissolved in 2ml. of dichloro- 
acetic acid, and then 8ml. of glacial acetic acid 
was added to the solution. The solution was 
titrated to green end-point of crystal violet indicator 
with the standard perchloric acid solution which 
was delivered from a 5 ml. micro-burette; the titer 
of solvent alone was subtracted frum sample titer. 

To check the procedure, a known amount of 
dodecylamine was titrated, and the agreement with 
calculated value was obtained at the green end-point. 
The point of color change was made somewhat 
obscure in the presence of dichloroacetic acid, but 
the accuracy of titration was within about 525. 

Infrared Measurements. — All infrared measure- 
ments were performed on a Shimadzu Type AR 
275 double beam spectrometer using a sodium 
chloride prism. The samples for infrared measure- 
ments were prepared as dispersions either in potas- 
sium chloride disks or in Nujol. 

Titration with an Aqueous Hydrochloric Acid 
Solution.-- pH measurements were made with a 
Horiba Type M-3 pH-meter. A given amount of 
sample was dispersed or dissolved in distilled water, 


and titrated with a standard hydrochloric acid 
solution (0.06N) to obtain a titration curve. Con- 
centration of each sample was 0.75 g. polymer in 
100 ml. solution. 

Measurements of Surface Tension. — Surface 
tension was measured by drop weight method. The 
apparatus was placed in a thermostat of 25.0°C. 
The observed values were corrected by using the 
correction factor of Harkins and Jordan. The pH 
of sample solutions was adjusted to pH 5.0 by 
hydrochloric acid, unless otherwise stated, because 
all the samples were soluble at this pH. 

Measurements of Surface Pressure. — Surface 
pressure was measured by a balance of hanging 
plate type at room temperature. Samples were 
spread from solutions in a mixed solvent, formic 
acid-isopropy! alcohol-water (1:2:7), on distilled 
water and on an aqueous solution of 0.01 M potas- 
sium carbonate or 0.2 M potassium chloride. 


Results and Discussion 


Infrared Absorption Spectra. — The infrared 
spectra of PADA and poly-pt-alanine were 
recorded in the solid state from potassium 
bromide disks and Nujol suspensions. Some 
of the infrared data are summarized in Table 
Il. 

The absorption bands at 2970 and 2930 cm 
from a potassium bromide disk are assigned 
to the C-H stretching modes of CH; and CH: 
groups, respectively. The intensity of the 
former, relative to that of the latter, becomes 
stronger with increasing x, and is the strongest 
for poly-pi-alanine. This observation supports 
the formation of poly-pr-alanine linked with 
dodecylamine. 

PADA and poly-pi-alanine show amide | 
absorption at 1661 and 1629cm~' and amide 
Il absorption at 1240 and 1220cm~'. The 
lower frequency in the amide III band was 
observed in Nujol suspension but not in potas- 
sium bromide disk. A band due to N-H 
stretching lies at 3310 and 3280cm~'. The 
lower frequency appeared in potassium bromide 
disk for PADA of x=5 but not in Nujol sus- 
pension. In amide I band the higher frequency 


TABLE II. CHARACTERISTIC ABSORPTIONS OF PADA AND POLY-DL-ALANINE 


Characteristic 


band PADA PADA PADA PADA Poly-pL- 
(x=5$) (x=10) (x=15) (x=20) alanine 
i 4 ~- 3310 (s ) - 3310 (s ) 

ee 3280 (s ) - -- 
Amide I { 1661 (sh) 1661 (sh) 1661 (s ) 1661 (s ) 1661 (s ) 
“ 1629 (s) 1629 (s ) 1629 (s) 1629 (s ) 1629 (s ) 
Amide II 1530 (s) 1530 (s) 1530 (s) 1530 (s) 1530 (s) 
: ( 1240 (w) 1240 (w) 1240 (m) 1240 (m) 1240 (m) 

> b 

Amide II 1220 (m) 1220 (m) 1220 (m) 1220 (w) 1220 (sh) 
a> § CH;- 2970 (w) 2970 (w) ~- 2970 (m) 
C-H(str.)™ 1 CH. 2930 (s ) 2930 (m) - 2930 (w) 


str. =stretching mode, s=strong, m 


medium, w=weak, sh=shoulder 


a) from KBr disk, b) from Nujol suspension 
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of the two amide bands is characteristic of the 
random conformation of polypeptide and the 
lower is of the {$-conformation'’~'*:*. The 
dependence of the relative intensity of two 
frequencies in the amide III and the N-H 
stretching bands upon the value of x is also 
related to the presence of these two conforma- 
tions. In all the three bands the intensity of 
the higher frequency of PADA relative to that 
of the lower increases with x, and poly-pDL- 
alanine absorbs the higher frequency strongly. 
The results indicate that the random conforma- 
tion is predominant for PADA with higher x 
(x = 20) and poly-p1i-alanine, the portion of 
the 5-conformation increases with lowering x, 
and PADA with x=5 is mostly in the -con- 
formation**. 

However, the above correlation of infrared 
frequency with the conformation of poly- 
peptides could not be found in amide II band. 

Titration with an Aqueous Hydrochloric Acid 
Solution. —- When PADA or poly-pt-alanine 
is dispersed or dissolved in water, the solution 
shows an acidic pH. Poly-pi-alanine gives the 
most acidic pH, 3.7. Table I shows the pH’s of 
the solution of 0.75 g. polymer in 100ml. A 
value of pH, 2.8, of poly-pt-alanine (x = 30) 
solution has been reported already’. This 
might be ascribed partly to the presence of the 
terminal carboxyl groups produced by the 
termination reaction during polymerization, as 
mentioned before’? 

The solution of PADA exhibits lower pH 
with increasing x, because an equal gram of 
polymer contains less terminal amino groups 
with increasing x. This effect is enhanced by 
the more complete solubility of PADA with 
higher x, since the amino groups of insoluble 
molecules would remain unionized. 

When the solution of PADA is titrated with 
an aqueous hydrochloric acid solution, the pH 
is gradually lowered and then suddenly de- 
creases. Fig. 2 shows the pH of solution 
plotted against mole of hydrochloric acid added 
when 0.75g. PADA is dispersed or dissolved 
in 100 ml. solution. On this titration curve, a 


10) A. Elliott, Nature, 170, 1066 (1952). 
11) C. H. Bamford, A. Elliott and W. E. Hanby, “‘ Syn- 
thetic Polypeptides’, Academic Press, New York (1956), 
p. 153. 
12) A. Elliott, Proc. Roy. Soc., A221, 104 (1953). 
13) T. Miyazawa and E. R. Blout, J. Am. Chem. Soc., 
$3, 712 (1961). 
* Following Elliott and others! 
at 1661cm~? arises from the a-form. 
** It is reported'* that a low molecular weight poly- 
r-benzyl-L-glutamate differs from a high molecular weight 
polymer in its conformation, while the latter is in the a- 
helical conformation. 
14) E.R. Blout and A. Asadourian, J. Am. Chem. Soc., 
78, 955 (1956) 
15) K. Linderstom-Lang, “Symposium on Protein 
Structure’, Ed. by A. Neuberger, Methuen and Co. Ltd., 
London (1958), p. 23. 


, the absorption 








2 


1.0 15 2.0 
HCl added, 10+ mol./g. 

Fig. 2. Plots of pH of PADA solution 
against added amout of hydrochloric acid 
at 25°C. @, x=5; @, x=10; @, x=15; 
©, x=20 


0 0.5 


break point exists at about pH 5.5, irrespective 
of x. At this point the turbid dispersion of 


.PADA with x<17 becomes almost transparent. 


If all the terminal amino groups could be 
titrated with hydrochloric acid, the break 
point should be the end point, and the mole 
of hydrochloric acid consumed should be equal 
to mole of terminal amino groups obtained 
from anhydrous perchloric acid _ titration. 
Nevertheless, the former was found to be 
considerably smaller than the latter. The dis- 
crepancy might arise from the fact that the 
PADA molecules in aqueous acid media ag- 
gregate into a “micelle”. The micelle is 
composed of ionized molecules together with 
unionized molecules, the latter being not 
titratable with hydrogen ions. Evidence for 
the micelle formation is provided by surface 
tension data and preliminary experiments of 
ultracentrifugation and solubilization. 

Surface Tension.— The surface tension of 
aqueous solutions of PADA together with 
poly-pi-alanine and dodecylamine hydrochlo- 
ride was measured at pH 5.0. Dodecylamine 
hydrochloride was a sample recrystallized 
several times from acetone-benzene. The sur- 
face tension vs. concentration curves at pH 5.0 
are shown in Fig. 3. The result obtained for 
dodecylamine hydrochloride was in good agree- 
ment with that already reported'’’. 

The surface tension of PADA solution is 


16) E. J. Hoffman, G. E. Boyd and A. W. Ralston, J. 
Am. Chem. Soc., 64, 408 (1942). 
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Surface tension, dyn./cm. 








,. () tn ee 
0 0.2 0.4 0.6 0.8 
Concn., g./100 ml. 
Fig. 3. Surface tension vs. concentration 


curves for aqueous solution of PADA, 
poly-pL-alanine and dodecvlamine hydro- 


chloride at pH 5.0 25°C. PADA: ®&, 
x=5; @, x-10; @, x=15; @; x=; 
poly-pL-alanine; @, dodecylamine 


hydrochloride 


characterized by a sharp initial decrease fol- 
lowed by a gradual flattening, as the concentra- 
tion becomes higher. This behavior is com- 
monly observed for surface active agents. The 
break point corresponds to the critical micelle 
concentration, although it becomes obscure for 
PADA of higher x. The critical micelle con- 
centration of PADA lies in more dilute con- 
centration than that of dodecylamine hydro- 
chloride, and shifts towards lower concentration 
as x increases. 

In a PADA molecule, a sequence of DL- 
alany!l residues is between the dodecyl group 
and the ionized or unionized hydrophilic amino 
group at pH 5.0, where PADA is partially 
ionized. In this case the part of poly-pL- 
alanine reduces the repulsion between ionized 
hydrophilic groups due to the intermolecular 
hydrogen bonding. Thus the micelle formation 
takes place readily at lower concentration as x 
increases. It is noticeable that the critical 
micelle concentration of PADA lies at about 
10 mole per liter which is compared with 


17) L. Hsioa, H. M. Dunning, P. B. Lorenz, J. Phys. 
Chem., 60, 657 (1956) E. Gonick and J. W. McBain, J. 
Am. Chem. Soc., 69, 334 (1947). 
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cm. 


dyn. 


Surface tension, 








55 W - re - 
0 0.02 0.04 0.06 
Concn., g./100 ml. 
Fig. 4. Surface tension vs. concentration 


curves of PADA, poly-pt-alanine and 
dodecylamine hydrochloride at dilute con- 
centrations. pH 5.0, 25°C. PADA: 
(1) x=5, (2) x=10, (3) x=15, @) x 
20, (5) poly-Di-alanine, (6) dodecylamine 
hydrochloride 


70 











65 
5 
5.60} 
5 
255 
2 
4 | 
os 
= 50} 
= 
7) 
45 | 
} 
= “ on 
- 02 0.4 06 8 
Concn., g./100 ml. 
Fig. 5. Effect of acid on surface tension 


of PADA at 25°C. x=5: @, pH 5.0; 
©, pH 2.2, x=15: ©, pH 5.0; ©, pH 


oie) 


that of polyoxyethylene derivatives with long 
alkyl chain, 10~‘ mol. per liter’ 

At low concentrations the slope of surface 
tension vs. concentration curve is the steepest 
for PADA of x=10 and is more gentle when 
x is either smaller or larger than this value, 
as shown in Fig. 4. For x<10, the explanation 
is as described before. For x> 10 the attraction 
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due to hydrogen bonding between pt-alanyl 
residues predominates over van der Waals 
cohesion between alkyl chains and the charac- 
teristics of poly-pi-alanine become obvious and 
reduce the effect of alkyl chain, thus surface 
tension being less lowered. 

Fig. 5 show the effect of acid on surface 
tension of PADA. The more acidic the solution 
of PADA is, the lower the surface tension 
becomes and the break point shift to more 
dilute concentration. This fact indicates that 
the excess acid added beyond pH 5.5 remains 
free in solution and behaves like a simple 
neutral salt, suppressing the electrostatic repul- 
sion between ionized amino groups. 

Surface Film of PADA. — Fig. 6 illustrates 
surface pressure vs. area curves of PADA and 
poly-pi-alanine films on distilled water. They 
are of condensed type. The limiting area, 
Aji-o0 (m’/mg.), of PADA increases with x, 


dyn./cm 
= 





Surface pressure, 








0 0.5 1.0 15 


Area, m*/mg. 


Fig. 6. Surface pressure vs. area curves of 
PADA and poly-DL-alanine on distilled 
water at 18°C. PADA: @, x=5; @, x 


10; @, x=15; @, x=20; poly-DL- 
alanine 
TABLE III. LIMITING AREAS AND f VALUES OF 
On distilled water 
’ Ail 
x 
m?/mg. A®/residue f m-/mg. 
5 0.26 4.7 0.05 
10 0.74 11.0 0.64 0.89 
15 0.98 13.5 0.87 1.09 
20 1.06 14.1 0.94 
Poly-Di- 118 14.0 


alanine 
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On 0.01 M K.CO,; 
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tending to that of poly-pi-alanine, as listed in 
Table Ill. The film of PADA occupies a 
larger area on the aqueous subphase containing 
salt than on distilled water, as shown in Fig. 
7, but salt has no influence on poly-DL-alanine 
film. 

The limiting area expressed in m/°/mg. 
is reduced to that in A’ per average pt-alanyl 
residue by 


Aji-0( A?/residue) 


10°° M 
y (Mat?) Aro (m? mg.) (1) 


if the residue weight of dodecylamine is equally 
distributed over alanyl residues. Here WN is 
the Avogadro number, and My, and Mg are 
residue weight of alanine (71) and dodecyl- 
amine (184), respectively. In Eq. 1 x is assumed 
to be infinite for poly-pi-alanine film. 





cm. 


dyn 


Surface pressure, 





0.5 1.0 15 


Area, m*/mg. 


Fig. 7. Effect of salts on the surface pres- 
sure vs. area curves of PADA with x=10 
at 18°C. ©, no salt; @, 0.01 M potassium 
carbonate; Dp, 0.2 M potassium chloride 


PADA AND POLY-DL-ALANINE 


On 0.2m KCl 


All ) All—0 
A? residue f m?/mg. A?®/residue f 
13.3 0.81 1.07 15.9 0.99 
15.0 0.98 1.11 15.3 1.00 
1.18 14.0 
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Since the limiting area of long chain alkyl- 
amine or alkylamide is about 20A°’ per mole- 
cule' and that of poly-pi-alanine is 14A° per 
residue, PADA should have a limiting area 
20+ 14x 

x 


Ay .o( A° residue) (2) 
if it spreads completely as a monomolecular 
film. While the observed value of the limiting 
area of PADA on aqueous salt solution such 
as 0.01 M potassium carbonate or 0.2 M potassium 
chloride is found to agree with the value 
calculated from Eq. 2, that obtained on distilled 
water is smaller than the calculated value. In 
the latter case, a part of hydrophilic poly-pi- 
alanine part might be submerged into water. 
If it is assumed that xf Dt-alanyl residues and 
a dodecylamino residue in a PADA molecule 
form a surface film and x(1—f) pbt-alanyil 
residues are submerged into water the limiting 
area of PADA may be expressed by 


20. 14xf 
a 


An-.( A’ residue) (3) 
Substituting the observed values of limiting 
area for Ay—.o(A’/residue) in Eq. 3, the values 
of f are obtained as given in Table III. 

It is interesting to note that, while PADA 
becomes more hydrophilic and more soluble 
in water as x is larger, in surtace film it 
spreads more; that is, more Di-alanyl residues 
in a molecule exist on an aqueous surface. 
This observation may be interpreted as follows: 
When PADA of lower x is compressed, the 
van der Waals attraction between dodecyl 
groups is so strong that some of pr-alany! 
residues are forced to be submerged into water. 
For PADA of higher x, however, a hydrogen- 
bonded conformation'’ of poly-pi-alanine 


18) N. K. Adam, ‘ Physics and Chemistry of Surfaces” 
Oxford University Press (1940), p. 50. 

19) C. W. N. Cumper and A. E. Alexander, Trans. 
Faraday Soc., 46, 235 (1950). 

20) J. T. Davies, ibid., 49, 949 (1953). 

21) T. Isemura and S. Ikeda, This Bulletin, 32, 178 
(1959). 
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part will remain unbroken on compression, 
since the hydrogen bonding is more predomi- 
nant than van der Waals cohesion. 


Summary 


Poly-pt-alanine alkyl amide has been syn- 
thesized by the polymerization of N-carboxy- 
pL-alanine anhydride initiated with alkyl amine 
at different anhydride-initiator ratios ([A] 
{I|})}. The amphipathic properties of poly-pL- 
alanine dodecylamide (PADA) with [A] / [I] 

5 to 20 have been investigated in comparison 
with poly-pDi-alanine. 

The degree of polymerization of poly-pt- 
alanine part can be easily controlled by the 
initial [A]/[I] ratio. The number average 
degree of polymerization (x) is found to be 
approximately equal to [A]/ [I]. 

The solubility of PADA in water is higher 
as x increases, and PADA with x>17 is trans- 
parently soluble. PADA with any x value is 
soluble in aqueous acid solutions, the pH of 
which is lower than 5.5. The titration curve 
with an aqueous acid solution shows a break 
at this pH. 

The infrared spectra of PADA in the solid 
state indicate that PADA with higher x is 
almost in the random conformation and the 
portion of the j3-conformation increases as x 
becomes lower. 

Surface tension of PADA in aqueous acid 
solution exhibits typical characteristics of 
amphipathic substances. The degree of surface 
tension lowering at low concentration region 
is the largest for PADA of x= 10. 

The surface film of PADA is of condensed 
type and the limiting area is larger as x in- 
creases. PADA with higher x becomes more 
spread as surface film, more pDt-alanyl residues 
being on the aqueous surface. 
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On the Temperature Dependence of Spectra of Solvated Anions 


By Akira MARUYAMA”, Mitsuo SHimMosi and Kichizo Niwa 


(Received February 20, 1961) 


Recently it has been noticed that the ultra- 
violet spectra of solvated halide ions depend 
upon the temperature. The bands in the 
ultraviolet region are considered to be due to 
the charge transfer from the ion to the solvent. 
However, with respect to the details of the 
mechanism, different models have been proposed 
by several authors. In particular, these models 
seem to lead to different conclusions on the 
effect of temperature. 

In this paper, it is shown that the differences 
existing among the previous theories are only 
apparent in character, and some experimental 
data on the temperature dependence of the 
ultraviolet spectra of solvated iodide ions are 
given. 


Experimental and Results 


Measurements of absorption spectra were carried 
out with a Hitachi EPU-2 type spectrophotometer. 
The temperature was varied in the range 5~60 C 
and was kept constant within +1°C, circulating 
the thermostatted water in the cell box by means 
of a small pump. 

The absorption spectra for potassium iodide, 
ammonium iodide, codmium iodide, cobalt(IL) 
iodide and bismuth(III) iodide in their aqueous 
solutions (10-5 mol./I.) have a common maximum 
wavelength irrespective of the cations (for example 
225 my at 12°C) in agreement with the data of 
many authors!:. As is well known, this maximum 
can be ascribed to the existence of the iodide ion 
in such dilute solutions. In Table I the values of 


TABLE I. WAVELENGTHS OF MAXIMUM 
ABSORPTION (mys) OF [ODIDES (10~° MIN 
WATER) AT SEVERAL TEMPERATURES 


Temp., ~C KI Cdl, Bil, 
6.5 225.4 225.3 225.2 
pW A 226.1 226.0 226.0 
41.6 aa) 32 227.0 227.1 
60.5 228.1 228.5 228.3 


the maximum wavelength (Amax) of potassium 
iodide, cadmium iodide and bismuth(III) iodide 
(10-5 mol./l. aqueous solution) are shown with the 
error of +0.2mypz. In Fig. | the temperature 
dependence of the energy maximum (Avmax) cal- 


* Present adress: Totsuka works, Hitachi Ltd., Yoko- 


hama. 

1) G. Scheibe, Z. physik. Chem., BS, 355 (1929). 

2) M. Smith and M.C.R. Symons, Trans. Faraday Soc., 
54, 338 (1958). 
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Fig. 1. Avmax of I 
(10-° mol./I.). 


In aqueous solution 


culated from Zmax obtained is recorded. The slope 
in Fig. 1 gives d(Aymax)/dT 32 cal. deg~' mol”! 
where A is Planck’s constant. This is in agreement 
with the value of Smith and Symons. Present 
results, that d(Avmax)/d7T=—30cal. deg™' mol 
in these solutions, are in agreement with those 
obtained in many solvent systems?~*. Some theo- 
retical considerations for this fact, i.e. the shift to 
longer wavelength with increasing temperature, 
will be given in the next section. 


Discussion 


Many anions dissolved in polar liquids such 
as water exhibit absorption spectra in the 
ultraviolet region. These spectra are considered 
to be due to an electron transfer from the 
solvated anion to a quantum state, which is 
yielded by the resultant atom, the adjacent 
water molecules, and the external polarized 
dielectrics. The electron transfer is so fast 
that the positions of all atomic nuclei in all 
solvent molecules may be regarded as fixed 
throughout the transition process in accordance 
with the Franck-Condon principle. In other 
words the process may be regarded as a sort 
of non-equilibrium state associated with elect- 
ron transition. From this point of view 
Platzman and Franck” calculated the positions 
of the absorption bands of the aqueous halide 


3) E. Lederle, Z. physik. Chem., B10, 121 (1930). 

4) E. M. Kosower, R. L. Martin and V. W. Meloch, J 
Chem. Phys., 26, 1353 (1957). 

5) R. Platzman and J. Franck, Z. Physik., 138, 411 
(1954). 
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ions. Their theoretical expression for the 
energy of the absorption hy is as follows. 


hy =E,+L,-+{%—-Lx}-—B (1) 


Here Ex is the electron affinity of the atom 
X, and L, and Lx are the differences of 
energies associated with the solvation of the 
atom and of the ion, respectively. * % is the 
energy required to form the average solvation 
configuration of the solvent molecules (i.e. the 
correction term based on the Franck-Condon 
principle), and B is the energy of the excited 
electron resulting from the Coulombic force of 
the polarized solvent (i. e. hydrogen-like states) 
and from the electronic polarization induced 
by the electron in the excited state. 


2z°me' 
B h 2: Z'ett 
1 z°e'm 1 ™ 
3 Oh Za Div ) 2) 


and 


| l 
f 3 
mw -4-) G) 


where D., and D, are the optical and static 
dielectric constants, m is the mass of an 
electron. The values of Ay calculated by 
using Eq. 1 were in good agreement with the 
experiment. 

However, Smith and Symons’:’’, and Stein 
and Treinin® pointed out that the theory of 
Platzman and Franck fails to explain changes 
in the position of the absorption bands caused 
by changing temperature or solvent. Smith 
and Symons attempted to avoid the difficulties 
by adopting the “square well” model. Accord- 
ing to this theory the electron after detachment 
from the ion. still remains in the cavity 
previously occupied by the ion. Then the 
energy of the absorption hy is given by 

hy = E, k (4) 


8mr.o 


where r. is an empirical parameter which was 
introduced by Smith and Symons. This para- 
meter may roughly be regarded as the radius 
of the spherical cavity. However, it is unlikely 
that the order of magnitude of ro corresponds 
to any physically meaningful value, because it 
is greater (for example 4A for I~) than any 
value that may be reasonably expected. Stein 
and Treinin’ modified the Platzman-Franck 
theory by introducting the concept of a 


6) M. Smith and M. C. R. Symons, Discuss. Faraday 
Soc., 24, 206 (1957). 

7) M.Smith and M.C. R.Symos, Trans. Faraday Soc., 
54, 346 (1958). 

8) G. Stein and A. Treinin, ibid., 55, 1086 (1959). 


Akira MARUYAMA, Mitsuo SHiMouI and Kichizo Niwa 





[Vol. 34, No. 9 


variable radius parameter r* as suggested by 


Smith and Symons. Their equation is given 


as 
hv = Ex + (Sion + Ey) —Lz—B (5) 
where 
e° 1 ] 1 
Si nt E> r® ( 2 T 2Dop sate a (6) 


The difference between Platzman-Franck’s Eq. 
(1) and Smith-Symon’s (5) is that (Sion +p) in 
Eq. 5 takes the place of (Jx-+%Z) in Eq. 1. 
According to Stein and Treinin the valnes of the 
radius parameter r* obtained from the spectro- 
scopic data on the basis of Eq: 5 were in good 
agreement with the apparent ionic radii esti- 
mated from partial ionic volumes. The tem- 
perature dependence of hy was also explained 
in terms, of the change of the radius of the cavity 
(or ionic radii), dr*/d7. They emphasized that 
Franck and Platzman’s procedure, taking into 
account Ly- and %, is inadequate for the 
treatment of the temperature dependence. 

However, the concept of ionic radii in liquids 
corresponds to the rigid sphere model of liquids, 
and may be regarded as an appoximation for 
the behavior of liquids. The apparent ionic 
radii should be determined more rigorously 
from the relation between the total energy and 
ion-molecule distances. Thus Eq. 5 should in 
principle coincide with Eq. 1 apart from minor 
differences of mathematical expressions. Hence, 
the temperature dependence of hy will be 
considered here without using the concept of 
the radius parameter fro. 

In Platzman-Franck’s equation the effect of 
temperature may be prominent in the terms 
Lx-, ~ and Lx, since these factors strongly 
depend on the positions of nuclei. The terms 
caused by the electronic polarization or the 
electronic motion can be unimportant, since 
dD., dT and dD./dT are so small that the 
calculated value for d(Avmax)/d7T is at most 
about 1/10 of the observed values. Thus one 


can write 
( y i x 1 r 


dT dT 


It seems to be impossible to define d(Lx —Z) /dT 
in Eq. 7 by the usual thermodynamic method, 
though d(Ly-)/d7T simply denotes the change 
of the thermodynamic specific heats JCx- as 
the following: 


d(Lx-) : . 

7 AC,-=C*,-—C's (8) 
where C*x- and C*; show the specific heats 
of the ion in vacuo and in the solvent, 
repectively. As was noted by Stein and Treinin, 


4ICx- of the process X~(in solvent)—X-~ (in 


September, 1961] 


vac.) can be positive. On the other hand, for 
the neutral atom X one can write 


d(L,—%) 


dT ICy+= C8 + — C* x (9) 


corresponding to Eq. 8. However, C*x* does not 
denote the specific heat of the ion in the 
solvent to be defined in the equilibrium state, 
since (L;—%Z) does not correspond to the 
stable configuration for the atom. Substituting 
Eqs. 8 and 9 into Eq. 7, one obtains 


d(hv) 7 
dT (C®, C*x*) cs C*,*) 


(10) 


Approximately C*x- is equal to C*;, because 
both ion and atom are monatomic particles in 
the gaseous phase and the contribution of 
electronic states may be disregarded in the 
range of room temperature. Thus 


d(hy) 


The configuration of the atomic nuclei, includ- 
ing the solvent molecules, will be similar in 
C*x- and C*;*, though the ion-dipole interac- 
tion in C*x;- may disappear in C°x* (i.e. only 
van der Wazsls interaction and the exchange 
repulsive energy). This means that the energy 
of interaction between the solute and the 
solvent will be much smaller in C*,+* than in 
C*x-. Then it is assumed that i) the ion- 
dipole interaction is so strong that the poten- 
tial energy between the ion and the solvent 
molecule can be regarded as a classical vibra- 
tion energy, and that ii) the interaction 
between the atom and the solvent molecule is 
negligibly weak compared with the ion-dipole 
interaction. Hence, it may be concluded that 
(C*x-—C*x*) is mainly due to the vibrational 
heat capacities (in the sense of classical me- 
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chanics) being proportional to the number of 
solvated molecules (or dipoles), m. Thus, 
from Eq. 11 


d(hv) 
kn (12) 
dT 
where k& is the Boltzmann constant. As the 


order of magnitude of » is usually 10 (for 
example, 6 to 8 for the first layer of hydration 
in aqeous solution’), d(hy)/dT calculated may 
be about 20 cal. deg~' mol in agreement 
with the observed values. The present consi- 
deration (12) will, essentially, not be different 
from the Smith-Symons and _ Stein-Treinin 
theories, since the increase of the radius of 
cavity ro should correspond to the change in 
the free energy of the solvated ion caused by 
the temperature rise. Examples of this sort 
are found in the models of the free volume 
for liquids i.e. the harmonic oscillator model 
and smoothed potential model 


Summary 


The effect of temperature on the ultraviolet 
spectra of solvated anions is examined experi- 
mentally and theoretically. The shift of the 
spectrum to the longer wavelength with 
increasing temperature can be explained in 
terms of the oscillator model of the solvent 
molecules. This corresponds to the increase 
of the ionic radii (or the radius of the cavity) 
with the temperature rise. 


Department of Chemistr) 
Faculty of Science 
Hokkaido Universit) 
Sapporo 


9) E. J. W. Verwey, Rec. trav. chim. 61, 127 (1942) 
10) R.H. Fowler and E. A. Guggenheim, “ Statistical 
Thermodynamics’, Cambridge, (1939). 
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The Absolute Configuration of Rotenone” 


By Masao NAKAZAKI and Hisao ARAKAWA 


(Received February 9, 1961) 


Rotenone, one of the most powerful vege- 
table insecticides, was first isolated by Nagai” 
from Milletia taiwaniana Nagai, a native of 
Formosa, and was found to be identical with 
tubotoxin”? obtained from Derris elliptica which 
is now widely cultivated. 






OCH, 
HCO.“ 
3° 3] 12 
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a~ IND 19 
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H Y sy so 
“a ; 
s — 
H 
I 
The accepted formula | was advanced 
independently by Takei, Butenandt? and 


LaForge” at about the same time (1932). 

To study the interesting reiationship between 
the insecticidal action of rotenone and _ its 
stereochemistry, the establishment of the 
absolute configuration is essential. This con- 
tribution is concerned with the determination 
of the absolute configuration at C5’ carbon 
atom of rotenone (1). 


1) A preliminary note appeared in This Bulletin, 34, 
453 (1961). 

2) K. Nagai, J. Chem. Soc. Japan, Pure. 
(Nippon Kagaku Zasshi), 23, 744 (1902). 

3) T. Kariyone, K. Atsumi and M. Shimada, J. Pharm. 
Soc. Japan (Yakugaku Zasshi), 43, 736 (1923) 

4) T. Ishikawa, Tokyo Igaku Zasshi, 31, 187 (1917). 

5) In the structure formula I is shown the numbering of 
carbon atoms employed by Biichi and Crombie (vide 
infra). The asymmetric carbon atom C-5’, about which 
this paper is concerned is C-2 according to the numbering 
used by Miyano and Matsui (vide infra) in their recent 
synthetic works. 

6) S. Takei, S. Miyajima and M. Ono, Ber., 61, 1041 
(1932). 

7) A. Butenandt and W. McCartney, Ann., 494, 17 (1932). 

8) F. B. LaForge and H. L. Haller, J. Am. Chem. Soc., 
54, 810 (1932). 

9) The configurations of carbon atoms at 6a and I2a 


Chem. Sec. 


seem not to be crucial to the insecticidal action; e. g. 
(—)-deguelin shows almost the same physiological action 
as that of (+)-deguelin (S. Takei and S. Miyajima, Scien- 
tific Papers Inst. Phys. Chem. Research (Tokyo), 12, 946 
(1933)). Cahn and coworkers (R. S. Cahn, R. F. Philli- 
pers and J. J. Boam, J. Chem. Soc., 1938, 513). obtained 
(+ )-isorotenone, the enantiomer of (— )-isorotenone which 
keeps the original configuration of rotenone at 6a and 
12a carbon atoms, from ‘mutarotenone’’; but there 
seems to have been no study on the comparison of the 
physiological properties between them. Although Miyano 
amd Matsui (M. Miyano, A. Kobayashi and M. Matsui, 
Chem. Ber. in press) reported the total 
natural rotenone, the effect of the configuration C-S’ 
carbon atom has remained unknown, since the enantiomer 
of natural rotenone could not be prepared 


synthesis of 


Tubaic acid (Ila) obtained by the alkaline 
degradation of rotenone was catalytically 
hydrogenated to give (—)-dihydrotubaic acid 
(IIb)', which was dissolved in acetic acid and 
exhaustively ozonolyzed'? by passing ozone 
through it for 25hr. After further oxidation 
with hydrogen peroxide, oxalic acid was 
removed as the calcium salt and the solution 
was passed through the column of Amberite 
IR-120 to be freed of the excess of calcium 
ions. The solvent was removed in vacuo and 
crude 3-hydroxy-4-methyl-pentanoic acid (III) 
(or IV in Fischer projection) was esterified 
with diazomethane to give the methyl ester 
IVb, b. p. 77~86°C/18 mmHg, [a] p+ 19.0". 

To correlate IVb with p-valine, the methyl 
ester IVb was converted into the hydrazide 
IVc, m.p. 152~153°C, [a]lp+43°, which was 
treated with nitrous acid’? to give (—)-S5- 
isopropyloxazolidone (V), m.p. 113~114°C, 
lalp 44.5-, the structure of which was 
confirmed by the comparison of the infrared 
spectrum with the racemic V, m. p. 87~88°C, 


prepared from the racemic hydroxylic acid 
ivar>**2. 
(—) Methyl 2-hydroxy-3-methylbutanoate 


(VIIb), b. p. 62~63°C/15 mmHg, [a]lp —1.4°, 
which was prepared from p-valine (VI)! with 
retention of configuration’, was treated with 
liquid ammonia in a steel bomb to give the 
(+ )-amide VIlIc, m. p. 99~101°C, 65.10. 
Lithium aluminumhydride redcution of the 
amide VIIc afforded the aminoalcohol VIIIa 


lalp 


10) S. Takei and M. Koide, Ber., 62, 3030 (1929). 

11) H. Arakawa and M. Nakazaki, Chem. & Ind., 1959, 
671; 1960, 173; Ann., 636, 111 (1960) ; H. Arakawa, This 
Bulletin, 33, 200 (1960). 

12) C. Schépf, G. Dummer and W. Wiist, Ann., 676, 134 
(1959); C. Shcépf and W. Wiist, ibid., 676, 150 (1959) 
employed 5-phenyloxazolidone as a relay intermediate 
when they ralated the absolute configuration of (—)-sed- 
amine and (—)-allosedamine with (+)-mandelic acid. 

13) Methyl ester of racemic 1Va, b. p. 92~93°C/20mmHg, 
was prepared by sodium borohydride reduction of ethyl 
isobutyroylacetate (X). Racemic hydrazide [Vc melted at 
148~ 149°C. 

14) G. Biichi, J. S. Kaltenbron, L. Crombie, P. J. Godin 
and D. A. Whiting (Proc. Chem. Soc., 1960, 274) obtained 
the racemic IVa by the Reformatsky reaction of isobuty- 
raldehyde and benzyl bromoacetate followed by hydro- 
genolysis. 

1S) We are grateful to Dr. Setsuji Sakurai, Ajinomoto 
Co. for his generous gift of D-valine. 

16) W. Klyne, ‘* Pprogress in Stereochemistry”’, Vol. 1, 
Butterworth Pub., London (1950), p. 195; E. Fisher and H. 
Scheibler, Ber., 41, 2891 (1908); P. D. Bartlett, M. Kuna 
and P. A. Levene, J. Biol. Chem., 118, 303 (1937) 
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Fig. 1. 
which was transformed, via the carbamate to be useful as key compounds in establishing 


VIIIb, into (+)-5-isopropyloxazolidone (IX), 
m. p. 113~114°C, [a]p +44.2°. 

The fact that 5-isopropyloxazolidone (V and 
IX) were enatiomorphous was established by 
comparison of their intrared spectra, which 
can be superimposed in every detail, moreover, 
a mixed melting point determination of the 5- 
isopropyloxazolidone synthesized from the 
racemic hydroxylic acid IVa with the racemic 
compound prepared by mixing equal parts of 
(— )-5-isopropyloxazolidone from rotenone and 
(+ )-5-isopropyloxazolidone from p-valine and 


recrystallization from benzene showed no 
depression. These facts clearly show, as can 
be seen from Fig. 1, that rotenone has (R)- 
configuration at the carbon atom C-5’ as 
illustrated in I. 

During the course of this investigation, 
Biichi and Crombie'’? published a short com- 
munication in which they reported the same 
conclusion. They ozonolyzed (-—)-dihydro- 


tubaic acid (IIb) to obtain (-~+ )-3-hydroxy-4- 
methylpentanoic acid (IVa). In order to secure 


enough starting material, they synthesized 
(+)-I]1Va and resolved via the quinine salt 
obtaining (—)-acid (enantiomer of III from 


rotenone) which they converted via three steps 
into (— )-2-methylpenta-3-ol with known con- 
figuration. 

Thus we could confirm Biichi and Crombie’s 
result'?, although our approach appears more 
direct and simple, giving well defined crystalline 
compounds in each step, which will be proved 


17) They also succeeded in establishing (S)-configuration 
at 6a carbon atom by the exhaustive ozonolysis of acetyl- 
dihydrorotenone to obtain D-glyceric acid in the form of 
its p-bromophenacy! ester. See Ref. 14. 


absolute configuration of other compounds. 


Experimental 
Dihydrotubaic Acid (IIb).—IIb was prepared 
according to Takei and Koide’s procedure, m. p. 
166°C, [al]? 103.7° (c 1.08, methanol). 
Found: C, 64.88; H, 6.25. Caled. for Cy2H140s: 
C, 64.85; H, 6.35%. (literature m.p. 168°C, 
[@]p —82.67°, chloroform). 


Exhaustive Ozonolysis of Dihydrotubaic Acid 
(IIb).—To a solution of 4.4g. of dihydrotubaic 
acid (IIb) in 70 cc. of 95% acetic acid, was passed 
ozone at room temperature for 25 hr. The color 
of the solution changed from colorless to brown 
after 5 min., and pale yellow after 30 min. and then 
colorless again. After 8cc. of 30% hydrogen 
peroxide was added, the solution was kept at room 
temperature for 17hr, then S50cc. of water was 
added with a small amount of palladium-carbon to 
decompose the excess of hydrogen peroxide. In 
order to remove oxalic acid, 2g. of calcium acetate 
was added and the resulting precipitate was filtered. 
After the solution was freed from excess calcium 
ion by passing through a column of Amberite IR- 
120, the solution was concentrated in vacuo to give 
a syrup which was dried in a vacuum desiccator 
overnight. The viscous hydroxylic acid III was 
dissolved in a small amount of methanol and 
esterified with excess diazomethane solution in 


ether. After being allowed to stand overnight and 
being dried over anhydrous sodium sulfate, the 
solution was concentrated, giving a pale yellow 


residue which was distilled in vacuo, b. p. 77~86°C 
18 mmHg, 0.95 g. [a]? 19.0° (C 5.77, ethanol). 

(+ )-3-Hydroxy-4-methylpentanhydrazide (IVc). 
—To a solution of 0.95g. of the methyl ester IVb 
in 20cc. of ethanol, 2g. of 80% hydrazine hydrate 
solution was added and the mixture was heated on 
a water bath for 1 hr. After standing in a refri- 
gerator overnight, the solid mass obtained was 
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recrystallized from ethanol giving crystals, m. p. 
1S1~153-C, [ali +38~—40° (ethanol), 0.32g. To 
prepare an analytical sample the product was 
recrystallized from ethanol, m. p. 152~153°C, [a]\? 
+ 43°) (¢ 1.01, ethanol). 

Found: N, 19.14. Caled. for 
19.17%. 


(— )-5-Isopropyloxazolidone (V).—After 10cc. of 
benzene was added to a solution of 0.3g. of the 
hydrazide IVc in 10cc. of IN hydrochloric acid, a 
solution of 1.5g. of sodium nitrite in 2 cc. of water 
was added during 10 min. at 5~6-C_ with stirring. 
After being kept at room temperature for | hr., 
the benzene layer was separated and washed with 
saturated aqueous sodium hydrogen carbonate and 
dried over calcium chloride for 30min. When the 
benzene solution, being freed from the drying 
reagent, was heated on a water bath at 75°C, 
generation of nitrogen was observed, and the solu- 
tion was refluxed for 30min. Removal of the 
solvent gave crystals (0.22 g.) which were recrystal- 
lized from benzene to afford an analytical sample, 
m.p. 113~114-C, [a]}} —44.5° (¢ 1.01, ethanol), 
70 mg. infrared spectrum (solvent: chloroform) was 
found completly superimposable on the one of 


CsH,,O:N:.: N, 


(—)-isomer IX prepared from p-valine. 
Found: C, 55.93; H, 8.55; N, 10.98. Calcd. for 
CeH1,0.N : C, 55.79; H, 8.58: N, 10.84%. 


(—)-Methyl 2-Hydroxy-3-methylbutanoate (VIIb). 
—According to Fischer’s procedure'®, 4.9g. of p- 
valine ([a@]}} —27.6° c¢ 2.68, 6N hydrochloric acid) 
was converted into 2-hydroxy-3-methylbutanoic acid 
(Vila). The hydroxylic acid was esterified with 
diazomethane in ether and the methyl ester VIIb 
was distilled to give an oil, boiling at 62~63°C 
15S mmHg, [a]} 1.4° (c 9.18, ethanol), 2.4g. 


(+ )-2-Hydroxy-3-methylbutanamide (VIIc).—-A 
mixture of 2.4g. of methyl ester VII[b and 8cc. of 
liquid ammonia was placed in a steel bomb and 
kept at 30 C overnight. After heating at 40~45-C 
for 2 hr., the excess of ammonia was evaporated, 
giving a residue, which was dissolved in ethanol. 
Removal of the solvent gave a viscous oil which 
was caused to solidify by trituration with benzene, 
m.p. 98~100-C, [a]}} 62° (c 1.0, methanol), 
620mg. The mother liquor was concentrated and 
the residue was again ammonolyzed with 80cc. of 
liquid ammonia by heating at 140°C for 1 hr., and 
at 100°C for IS hr. to give 600mg. of the amide. 
The crude amides were recrystallized from ethanol- 
benzene to give crystals, m.p. 95~100°C, [a]} 
+ 50° (¢ 1.02, methanol), 370 mg. For an analytical 
sample, the product was recrystallized from benzene, 
then from methanol, m. p. 99~101-C, [a]} 65.1 
(c 0.76, methanol). 

Found: N, 11.82. Calcd. for 
11.96%. 


(+)-5-Isopropyloxazolidone (IX).—In the thim- 
ble of a modified Soxhlet extractor inserted between 
the reflux condenser and the reaction flask which 
contained a slurry of 900 mg. of lithium aluminum- 
hydride in 100cc. of tetrahydrofurane, was placed 
940 mg. of the amide VIIc. After refluxing for 6 hr., 
a small amount of water, just enough to decompose 
the reaction complex, was added and the precipitated 


C;H,,0:N: N, 





[Vol. 34, No. 9 


aluminum hydroxide was filtered. The aluminum 
hydroxide was continuously extracted with tetra- 
hydrofurane for 2 hr., and the extract was combined 
with the filtrate. After 2cc. of concentrated hydro- 
chloric acid was added, the solvent was removed in 
vacuo, water was added to the residue and the solu- 
tion was washed with ether three times. The acidic 
solution was made alkaline with 6 cc. of 50% 
potassium hydroxide and saturated with potassium 
carbonate, and then extracted with ether. After 
the ether extract was dried over anhydrous potas- 
sium carbonate, the solvent was removed to give 
the aminoalcohol VIIla, which has an odor reminis- 
cent of amine. The oil was dissolved in 1I5cc. of 
benzene and was allowed to stand overnight. After 
the precipitated amide (140 mg.) was recovered, 
0.7cc. of pyridine was added with a solution of 
0.65 g. of ethyl chloroformate in 4cc. of benzene. 
After stirring for | hr., the reaction mixture was 
allowed to stand at room temperature for | hr. Ten 
cubic centimeters of water was added and the 
aqueous layer, after separating from the benzene 
layer, was extracted twice with benzene. The 
combined benzene extract was washed twice with 
1 cc. of | N hydrochloric acid and then with water. 
After the solvent was removed in vacuo, 10cc. of 
benzene was added and evaporated to remove any 
trace of water by azeotropic distillation giving the 
carbamate VIIIb, 450 mg. To a sodium methoxide 
solution which was prepared from 50 mg. of sodium 
and 3cc. of methanol, 10 cc. of toluene was added 
and the methanol was removed by heating with 
free flame. A solution of 450 mg. of the carbamate 
VIIIb in 17 cc. of toluene was added to the sodium 
methoxide suspension and heated at 100~105°C for 
l hr. with stirring. The reaction mixture was 
chilled in an ice bath and 10cc. of water was added 
with stirring. The aqueous layer which separated 
from the toluene layer, was extracted twice with 
toluene. The combined toluene extract was con- 
centrated to S5cc. in vacuo to precipitate crystals 
which were recrystallized from benzene-benzine 
(b. p. 70~80°C), m. p. 111~112°C, 200 mg. Recry- 
stallization from benzene raised the melting point 
to 113~114°C. [a]}} +44.2° (ec 1.04, ethanol). 

Found: C, 56.18; H, 8.68; N, 11.13. Caled. for 
C.H,,0:N: C, 55.79; H, 8.58; N, 10.84%. 

(+)-Ethyl 3-Hydroxy-4-methylpentanoate.—To a 
chilled solution of 8g. of ethyl isobutyroylacetate 
in 40cc. of methanol, 5g. of sodium borohydride 
was added with stirring during 1 hr., and the 
reaction mixture was allowed to stand at room 
temperature for 1 hr. After the methanol was 
evaporated, water was added and the whole was 
extracted with choloroform. The chloroform extract 
was washed with diluted sulfuric acid and then 
with saturated sodium hydrogen carbonate solution. 
After drying over anhydrous sodium sulfate, the 
solvent was removed to give an oil, which distilled 
at 92~93°C/20 mmHg, 2.9g. 


(+ )-3-Hydroxy-4-methylpentanhydrazide.—To a 
solution of 2.6g. of the above-mentioned ester in 
6cc. of ethanol, was added 6g. of 80% hydrazine 
hydrate and the reaction mixture was heated on a 
water bath for Ihr. and allowed to stand ina 
refrigerator overnight. The precipitated crystals. 
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were recrystallized from ethanol yielding crystals, 
m.p. 148~149°C, 1.72g. 
Found: N, 19.22. Calcd. 
19.17%. 
(+)-5-Isopropyloxazolidone.—Following the pro- 
cedure described for the preparation of the (—)- 
isomer V, 1.7g. of the racemic hydrazide was con- 
verted into (+)-5-isopropyloxazolidone, m.p. 87~ 


for CsH,,0O.N2: N, 


88°C, 0.65 g. 
Found: C, 55.88; H, 8.50; N, 11.12. Caled. 
for CgsH;,;O.N : C, 55.79; H, 8.55; N, 10.84%. 


The mixed melting point of the synthetic (+)-5- 
isopropyloxazolidone, m.p. 87~88°C, with the 
racemic compound, m.p. 87~88 °C, which was 
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prepared by mixing equal amounts of (—)-isomer 
V, m.p. 113~114°C from rotenone and (+)-isomer 
IX, m.p. 113~114°C from p-valine and recrystalli- 
zation from benzene, was 87~88-~C. 


We are indebted to Mr. Mitsuru Notake for 
his effort in obtaining Derris elliptica, and to 
Nitto Kasei Co. for financial support. 
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X-Ray Study and Reflectance Measurements 
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In the majority of mixed valence compounds 
that exhibit abnormal light absorption, the 
metal atoms in different valence states are 
bound by atomic bridges or metal-metal bonds”. 
The abnormal light absorption in these com- 
pounds is explained as due to an electron 
transfer through these bonds or bridges”. In 
certain mixed valence halometallates as e.g. 
Rb.SbCI,;, however, such bonds or bridges are 
hardly conceivable from crystallographic data, 
though they also are highly colored. The 
mechanism of interaction absorption in these 
compounds may not be essentially different, 
but is probably more complicated. Examples 
of such compounds are few: as far as the 
author is aware they are represented by one 
of the two general formulae, M.2SbX, and 


[M!!'A,] [PbCI,]*°. The X-ray study which 
will be described below has proved that com- 
pounds, [M"™!A,] [CuCl;],[CuClhJ]i-2,% con- 


stitute another such series. Diffuse reflectance 


“The Chemistry of the 
Reinhold Publishing Corp., 


i) J. C. Bailar, Jr. et. al., 
Coordination Compounds” 
New Yor < (1956), p. 19 

2) R. Tsuchida and S. Yamada, Nature, 174, 1064 (1954). 

3) K. A. Jensen, Z. anorg. Chem., 232, 193 (1937); ibid., 
233, 295 (1937); ibid., 252, 317 (1944) 

4) M. Mori, This Bulletin, 24, 285 (1951). 

5) M. Atoji and T. Watanabe, J. Chem. Phys., 20, 1045 
(1952). 

6) M. Mori, This Bulletin, 33, 985 (1960) ; the chlorocup- 
rates (1, Il) in Ref. 6 is expressible in the above formula 
when the ratio, Cu(I])/Cu(total), is greater than 0.5. The 
water of crystallization is tentatively omitted in the 
expression since the percentage is very low (~1%) and 
hardly distinguishable from that of the adherent humidity. 


of powdered chlorocuprates was also measured 
in order to examine the existence and the 
qualitative feature of the light absorption in 
these compounds, especially in connection with 
the problem of interaction color. 


Experimental 


Samples.—The samples of chlorocuprates used 
for measurements of reflection were prepared ac- 
cording to the method described in the previous 
paper. The crystal used in the X-ray analysis was 
obtained by digesting the precipitate in the mother 
liquor at 30~40°C. 

Hexamminechromium(III) chloride monohydrate 
which was used in the reflectance measurement and 
in the preparation of chlorocuprates was prepared 
by a procedure analogous to that for the prepara- 
tion of [Cr(NHs3)¢6]2(SO4)3-2H2SO,4-3H2O, reported 
previously». At the stage of precipitating the 
complex, 300 ml. of 12 N hydrochloric acid was used 
instead of 200ml. of 12N sufuric acid, and the 
yield of the chloride was 23~24g. (48~50%). The 
undesirable effect of the impurities in zinc, pointed 
out in the previous paper could be minimized by 
amalgamation of metal surfaces by warming 
granular or mossy zine in ca. 5% solution of 
mercury(I) chloride in 1 N hydrochloric acid. 

Potassium copper(II) chlorides were prepared by 
Meyerhoffer’s method» 

Reflectance Measurements.—The diffuse reflect- 
ance, Ry, of chlorocuprates, i.e. the ratio of the 


7) M. Mori, J. Chem. Soc. Japan, Pure Chem. Sec. 
Kagaku Zasshi), 74, 253 (1953). 

8) W. Meyerhoffer, Z. physik. Chem., 3, 339 (1889)., ibid., 
5, 98 (1890). 
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quantity of light reflected by a powdered sample 
to the quantity of light reflected by magnesium 
oxide powder was measured with a Shimazu spectro- 
photometer, Type QR-50, with its integration 
sphere attachment, in the wave number range of 
(1.4~3.0) x 10*cm™!. 

Crystal Analysis.—Oscillation photographs of a 
small crystal of [Cr(NH3)6][CuCl;],(CuCh]},_ x 
were taken using Cu-Ka radiation. The relative 
intensities of reflections were visually estimated and 
corrected for Lorenz and polarization factors by 
means of Cochran’s chart®. The observed structure 
factors obtained in this way were compared with 
the calculated factors by the trial and error method. 
The lattice constant was determined with an X-ray 
diffractometer using Cu-Ka, radiation (4=1.5405 


A). 


Results and Discussion 


The Crystal Structure of [Cr(NH:;)<] [CuCl;], 
{CuCl,],;—-..—From the oscillation data the 
crystal was found to have an On symmetry, 
and only those reflections were observed which 
fulfilled the following conditions: 


1) hik=2n, kil=2n, li+h=2n; 
2) h+k-—4n for (hk0O) reflections; 
3) h+tk, k+l, l+h for odd indices. 


The space group is therefore determined to 
be O,°-Fd3c. The unit cube edge is a= 22.19 
+0.02 A, and the unit cell contains 32 of the 
above formula units. The observed density 
was 1.89g./cc. and the calculated density is 
1.84g./cc. for x=0.5 and 1.92g./cc. for x=1. 
There has been an ambiguity as to the x 
value, i.e. the ratio, Cu(II)/Cu(total) for the 
sample used in X-ray work*. 

General features of the intensity distribu- 
tion were found to be similar to those observed 
for the chlorocuprate(IL) of the same complex 
cation studied by Mori, Saito and Watanabe’. 
In the latter compound, 160 chlorine atoms in 
the unit cell are classified into two groups, 
those in 64 (e) equivalent positions and those 
in 96 (g) equivalent positions. In the case of 
chlorocuprate(I, II) the number of chlorine 
atoms should be smaller than 160 by 32(1—x). 
An attempt was made to obtain the value of 
x by the method of least square, on the 
assumption that in chlorocuprate(I, II), either 
(e) or (g) equivalent positions are incompletely 
occupied. However, either assumption gave 
an x value slightly greater than unity (~1.03). 
It is ridiculous to assume an x value greater 


9) W. Cochran, J. Sci. Instr., 25, 253 (1948). 

* Attention was not at first paid to this problem, for 
it was some time later that the author found the composi- 
tion of the chlorocuprate(I, Il) to be changeable. 

10) M. Mori, Y. Saito and T. Watanabe, This Bulletin, 
34, 295 (1961). 
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than unity, but it is probable that x has been 
close to unity, for the sample crystal was 
prepared by a long digestion of the precipitate 
in the mother liquor, during which the quantity 
of univalent copper has probably decreased by 
air oxidation. The observed structure factors 
were, therefore, compared with those calculated 
on a tentative assumption of x=1 and the 
same atomic coordinates as those obtained for 
the chlorocuprate(II) (Table I). This com- 
parison gave a fairly low R (reliability factor) 
value, namely 0.152 for (Ak0O) _ reflections 


TABLE I. ATOMIC COORDINATES IN 
CHLOROCUPRATE(I, I) 


32 Cu: (b), 1/4, 1/4, 1/4, etc. 


32 Cr: (c), @ @, G, ete. 

(64) Cl: (e), u, uy u (u=0.190), etc. 
(96) Cl: (g), 1/4, »v, v (v=0.075), etc. 
192 N: (h), x, y, z (x=0.070, v=0.050, 


Zz 0.030), etc. 
B (overall temperature factor): 2.5. 


(unobserved reflections included as F)=0), and 
0.212 for (hk1) reflections up to /--8 (unob- 
served reflections excluded). Thus the present 
research could not find out the difference 
between the crystal structure of chlorocuprate 
(1,11) and that of chlorocuprate(II), although 
the sample crystal of chlorocuprate(I, ID 
appeared almost black in contrast to the yellow 
chlorocuprate(II) crystal. Because of the pre- 
sence of heavy atoms, further refinement 
including the determination of the structure 
of chlorocuprate(I) ion probably necessitates 
more accurate intensity data for a sample with 
a higher Cu(I) content as well as a simultane- 
ous study of chromium and cobalt compounds. 

The information obtained is, therefore, that 
in hexamminechromium(III]) chlorocuprate(I, 
I1), too, the Cr and Cu atoms are arranged in 
the NaCl type and that the ionic species of 
Cu(II) is the trigonal-bipyramidal [CuCl;]*~ 
ion, the same ion as is found in the chloro- 
cuprate(II). The chart prepared with a self- 
recording X-ray diffractometer for a powder 
sample of chlorocuprate(I, II) for which x was 
nearly equal to 0.5 also showed relative inten- 
sities similar to those for the chlorocuprate(II). 
The essential feature of the crystal structure 
of chlorocuprate(I, II), therefore, seems to be 
unaltered even when x approaches 0.5**. In 
particular, the Cu-Cu distance should remain 
about the same (/ 2a/4=7.79 A), since any 
change in the Cu coordinate must result in a 
remarkable change in the structure factors. It 


** For x below this value the ratio Cu/Cr is not 1:1 
any more (Ref. 6). 
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is, therefore, difficult to assume anything like 
an atomic bridge between copper atoms in 
hexamminechromium(II!) chlorocuprate(I, II) 
of a low Cu(I) content. 

Reflectance of Powdered Chlorocuprates.— In 
presenting the data of reflectance measurements 
it seems convenient to use Kubelka and Munk’s 
expression'», f(Ra) = (1— Ra)*/2Ra, for there is 
a certain parallelism between this quantity and 
the extinction coefficient of the crystal—they 
should be proportional to one another when 
the effect of the specular reflection at crystal 
surfaces is small compared with the diffuse 
reflection. Kortiim and Schéttler'” stated that 
this condition is nearly fulfilled for potassium 
permanganate and its mixed crystals when the 
powder is very fine. Kondo and others!” 
examined this problem in detail by comparing 
the reflection data with the absorption curve 
of a single crystal and found that even when 
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Fig. 1. Curvesyof log[(1—Ra)?/2Ra] for 
hexamminechromium (III) chlorocuprates. 
Curve A;, [(Cr(NHs3).5][CuCl,].(CuCl]; 
(x~0.5) 
Curve B,, [Cr(NHs3)6][CuCl;]} 
Curve C;, [Cr(NH3),]/Cl;-H2O 


11) P. Kubelka and F. Munk, Z. techn. Physik., 12, 593 
(1931). 

12) G. Kortiim and H. Sch6ttler, Z. Elektrochem., 57, 353 
(1953). 

13) Y. Kondo and T. Uemura, Pvesented at the Sympo- 
sium on Coordination Chemistry of the Chemical Society 
of Japan, November, 1957; lr. Uemura, Y. Kondo and 
S. Fujieda, ibid., September, 1960. 
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the powder is sufficiently fine some effect of 
specular reflection makes the curve of (1—Ra)*/ 
2Ry somewhat different from the true extinction 
curve of potassium permanganate, and that 
some caution must be exercised when reflect: 
ance is measured for substances of varying 
refractive indices. 

In the present research, use was made of 
this powder method, because: (1) the process 
of measurement is very simple and the experi- 
ment is at any rate possible even when the 
compound does not crystallize in thin plates; 
(2) the light reflected from crystal surfaces of 
most chlorocuprates studied appeared white to 
the naked eye, so that at least in the visible 
region the effect of the specular reflection was 
thought to be smaller than in the case of 
potassium permanganate, in which case the 
light reflected from crystal surfaces seems 
green; and (3) the main purpose was to ex- 
amine the existence and the qualitative feature 
of usually very broad interaction absorpticn 
in the visible region. In Figs. 1—4 is plotted 
the quantity, log[(1—Ra)’/2Ra] for various 
chlorocuprates against wave number. 


1)*/2Ral 


Ry 


log[ (1 
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Fig. 2. Curves of log[1—R,)*/2Ra] for 
hexamminecobalt (III) chlorocuprates. 


Curve Az, [Co(NHs3)¢][CuCl;] .(CuCls];_ .* 
Curve Be, |[Co(NHs3).5] [CuCl] 
Curve Ce, [Co(NHs3)¢]Cls 


* The value of x was determined by iodometry 
to be in the neighborhood of 0.7 although 
this analytical method is not adequate for 
the cobalt compound (Ref. 6). 
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Fig. 4. Curves of log[ (1—Ra)*/2Ra] for 


some copper complexes. 
Curve Ay, [Cr(NHs3),5][CuBr;] 
Curve B,, [CuCl.(H2O):|-2KCI 
Curve C;, KCuCl, 


Hexamminechromium(III) Chlorocuprate(I, 11), 
Hexamminechromium(II1) Chlorocuprate(I1) and 
Hexamminechromium(II1) Chloride Monohydrate 
(Curves A;, B,; and C, Respectively in Fig. 1). 
Curve A, of the chlorocuprate(I, 11) shows an 
existence of interaction absorption in the entire 
visible region, which is not observed in the 
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case of the chlorocuprate(Il) (curve B;) or 
the chloride (curve C;). At the same time 
both curves A; and B; show very great value 
of log|(1— Ra)’/2Ra] (poor reflection) in the 
neighborhood of 2.7 x 10'cm suggesting the 
existence of strong absorption bands. It seems 
difficult to determine the exact positions of 
their peaks, owing to the insufficient accuracy 
of this method for low reflection values*, to 
the probable contribution of the specular 
reflection in this region and also to the effect 
of the complex cation; but there seems to be 
little doubt as to their high intensity. These 
absorption bands are probably charge transfer 
spectra't:') of [CuCl;] ion; the chloride 
shows no such strong absorption in this region 
(curve C,). That similar bands are observed 
for both chlorocuprate(Il) and chlorocuprate(I, 
11) seems to be consistent with the result of 
X-ray analysis, which shows that in either 
compound the ionic species of Cu(II) included 
is the trigonal-bipyramidal [CuCl;]*~ ion. 


The qualitative features of curves A; and 








144 #16 «#418 4 «20 22 24 £26 © 28x 9 


Wave number, cm“! 
Fig. 5. Absorption spectra (in log e*) of 
some aqueous solutions. 
Curve A;, 0.000124 m CuSO, in 10N HCl 
Curve B., 0.00C087 m CuSO, in 8.7 N HBr 
Curve C;, 0.0216m [Cr(NHs) JC]; 


* is expressed on the basis of g. ion Cu or 


cr. 


Prof. Yukio Kondo of St. Paul’s University kindly 
suggested that measurements with samples diluted with 
white substances are effective in these instances. The 
present author, therefore, wishes to apply this method to 
1 more comprehensive study of halocuprates(I]) as soon 
as possible 
14) E. Rabinowitch, Rev. Modern Phys., 14, 112 (1942). 


15) L. E. Orgel, Quart. FRev., 8, 422 (1953). 
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B, are somewhat similar to those of the 
absorption curves of systems, copper (II)-copper 
(I) and copper(II) respectively, in concentrated 
calcium chloride solution, studied by Doehle- 
mann and Fromherz'”, when the effect of the 
complex cation is taken into account (cf. also 
curves A; and C; in Fig. 5). The resemblance 
is probably not sufficient to prove that the 
ionic species is the same, but it may be worth 
noting that the compounds of this series are 
the only chlorocuprates in which an interaction 
color of copper(I) and copper(II) is observable, 
just as in the case of chloride solution. 

Usefulness of reflectance measurements for 
samples with weak absorption bands may be 
exemplified by the comparison of the log f(Ra) 
curve of the powder sample (curve C;, Fig. 1) 
with the loge curve of an aqueous solution 
(curve C;, Fig. 5) for the same stable complex 
compound, |Cr(NH:;);|Cl;-H2,O. The peaks of 
the two absorption bands are found at almost 
the same positions although the heights of the 
peaks are found to be somewhat different. 
Moreover, aJdow peak is clearly perceptible at 
1.55 x 10' cm in curve C;, which probably 
corresponds to the transition of the d, electron. 
It is not easy to find this peak even by absorp- 
tion measurements when a sample solution is 
dilute. 

Hexamminecobalt( Il) Chlorocuprate(I, 11), 
Hexamminecobalt(III) | Chlorocuprate(II) and 
Hexamminecobalt(IlI) Chloride (Curves Ab», B. 
and C>2, Respectively in Fig. 2).--The general 
feature of the curves is quite similar to that 
of the corresponding chromium(III) compounds, 
except in the case of the difference of the 
position of the absorption peaks of hexammine 
complex cation. 

Hexamminecobalt(III) and Hexamminechro- 
mium(III) Chloroplumbates(1II,IV) (Curves A 
and B; Respectively in Fig. 3).--Reflectance is 
very small in the entire visible region showing 
an existence of interaction absorption of Pb(II) 
and Pb(IV). 

Hexamminechromium(III) | Pentabromocuprate 
(II) (Curve A; in Fig. 4).--Reflectance is very 
small in the visible region, but it increases a 
little toward the lower wave number region. 
The relationship is somewhat similar to the 
absorption curve of CuSO, in 48% hydrobromic 
acid (curve B;, Fig. 5)**. 
the curve at the range of low reflectance is 
probably due to the effect of the specular 
reflection. 

Dipotassium 


Copper(II) Tetrachloride  Di- 


16) E. Doehlemann and H. Fromherz, Z. physik. Chem., 
I71A, 353 (1934). 

** The value of log « in the absorption curve of CuSO, 
in 48% hydrobromic acid given in the previous paper (Fig. 
1 in Ref. 6) has been too small by unity. The correct 
values are given in Fig. 5 in the present paper. 
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hydrate and Potassium Copper(II) Trichloride 
(Curves By, and C, Respectively in Fig. 4). 
Reflectance of these salts was measured for 
comparison with that of chlorocuprates des- 
cribed above. The former compound, which 
is known to have the structure, [CuCl.(H-O) >] - 
2KCI'7:', shows much weaker absorption in 
the neighborhood of 2.7x10'cm~' than do the 
chlorocuprates described above, and the charge 
transfer band seems to lie at the region of 
higher wave number. This has been ascertained 
by measurements up to wave number 3.010 
cm~', though the curve is given only in the 
range, (1.4~2.6) x 10° cm 

In the case of KCuCl; the curve obtained is 
very different from those of other chloro 
complexes of copper studied in the present 
research or the absorption curve of copper(II) 
in a solution of high chloride concentration. 
This difference suggests that in KCuClh, 
copper(I1) exists in a state quite different 
from those in the usual chlorocomplexes ;—a 
polynuclear structure with chlorine bridges 
might, for example, be assumed as in the case 
of CsCuCl,' 


Summary 


The ionic species of Cu(II) in hexammine- 
chromium(IIl) chlorocuprate(I,II]) has been 
found to be a trigonal-bipyramidal [CuCls] ° 
ion. Reflectance measurements have shown the 
existence of diffuse interaction absorption in 
some chlorocuprates(I, Il) and chloroplumbates 
(1I,1V). A strong charge transfer band of 
|CuCl;] was also found in the neighborhood 
of 2.7«10'cm~' for hexamminechromium(II]) 
chlorocuprate(I, II) and hexamminechromium 
(111) chlorocuprate(I1). 
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Solvent Extraction of Inorganic Nitrates with Diphosphonate Ester. II. 
Thorium and Uranyl Nitrates 


By Hideo SAIsHO 


(Received March 10. 


In the previous paper'?, was studied the sol- 
vent extraction behavior of zirconium, yttrium 
and several lanthanide elements (cerium, pro- 
methium, europium and lutetium) with tetra- 
n-butyl ethylene-diphosphonate* (TBEDP), 
(BuO).P(O) (CH.).(O)P(BuO)». The distribu- 
tion ratio of each element between nitric acid 
solution and TBEDP diluted with kerosene 
was determined in the range of nitric acid 
concentration from 0.01 to 13M and TBEDP 
concentration from 0.1 to 0.2m. The extract- 
ability of zirconium increased with increasing 
acidity. However, in the extraction of yttrium 
and lanthanide elements, the distribution ratios 
were very high in the low acidity region and 
decreased sharply with increasing acidity. This 
extracting reagent is very excellent for the 
extraction of trivalent elements such as lantha- 
nide elements especially in ihe low acidity 
region. 

The present paper describes in detail the 
solvent extraction behavior of thorium and 
uranium in the system of TBEDP-kerosene and 
nitric acid solution. 

Infrared absorption studies have also been 
undertaken to obtain the information on the 
organic phase containing uranium. 


Experimental 


Sources of Materials.--TBEDP received from the 
Tama Chem. Co., Tokyo, Japan was used without 
any further purification. TBEDP was diluted to 
the desired concentrations with kerosene, which 
had its flash point above 60 C and was not specially 
purified. Nitric acid solutions were prepared by 
diluting concentrated nitric acid, special grade. The 
acidity was checked volumetrically, whenever 
necessary. 

Uranyl nitrate was of guaranteed reagent grade, 
and was used as 1.24~10°*™M solution in the whole 
acidity region studied. 

Thorium-234 (UX,) separated from uranium was 
chosen to study the extractability of thorium by 
TBEDP. Thorium-234 tracer Was obtained as 
nitrate by means of the usual ethyl ether extaction 
method followed by cation exchange. 

Determination of Distribution Ratios. — The 
details of the method used in the previous report! 


1) H. Saisho, This Bulletin, 34, 859 (1961). 
Tetra-n-butyl ethylene-diphosphonate is abbreviated 
as TBEDP. 
“ . ins 
2) D. Dyrssen, Svensk. Kem. Tidskr., 62, 153 (1950). 
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were also adopted in the present study. The dis- 
tribution ratio was measured after shaking the two 
phases for thirty minutes in a thermostat kept at 
25 +0.5°C. 

The uranium concentration in the aqueous phase 
was determined colorimetrically or by fluorimetry 
and that in the organic phase was measured in the 
same way after extraction into an aqueous solution 
of sodium carbonate. For colorimetry, the oridinary 
hydrogen peroxide method® was employed. The 
method adopted for fluorimetry was similar to that 
of Grimaldi et al.4) The procedure was as follows: 
Aliquot portions containing uranium were trans- 
ferred to a small platinum dish and carefully dried 
up under an infrared lamp. Fluoride flux was 
then added to the dish and the flux was melted for 
about five minutes in an electric furnace kept at 
700 C. After cooling the melt, the fluorescence 
was measured, using excitation by radiation of 365 
my: wavelength. A blank and a standard were run 
at the same time. The fluoride flux used here con- 
sisted of 9% sodium fluoride, 45.5% sodium car- 
bonate and 45.5% potassium carbonate, which were 
fused in platinum at about 500°C and _ then 
thoroughly ground and mixed. Both colorimetric 
and fluorimetric measurements were made with a 
Shimadzu recording photoelectric spectrophotometer, 
type RS. 

Amounts of thorium-234 were determined radio- 
chemically in the same way as those described in the 
previous paper’. Infrared spectra were measured 
with a Hitachi EPI-II double-beam infrared spectro- 
photometer equipped with a sodium chloride prism. 
All the measurements were made in the liquid state. 


Results and Discussion 


Effect of Nitric Acid Concentration. Figures 
1 and 2 show the variation of distribution 
ratio. Ky, of uranium(VI) and thorium(IV) in 
the range of nitric acid concentration from 
0.1 to 13M, keeping the TBEDP concentration 
0.1m. Other authors’ results for both 
elements in the extraction with TBP from nitric 
acid are added for comparison. 


3) C.J. Rodden, editor-in-chief, “ Analytical Chemistry 
of the Manhattan Project” (NNES VIII-1), McGraw-Hill 
Book Co., Inc., New York (1950), p. 83. 

4) F. S. Grimaldi, I. May, M. H. Fletcher and J. Tit- 
comb, “Collected Papers on Methods of Analysis for 
Uranium and Thorium”, United States Government 
Printing Office, Washington (1954), p. 43. 

5) K. Alcock, G. F. Best, E. Hesford and H. A. C. 
McKay, J. Inorg. Nuc!. Chem., 6, 328 (1958). 

6) E. Hesford, H. A. C. McKay and D. Scargill, ibid., 
4, 321 (1957). 
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Fig. 2. Distribution ratio of thorium(IV). 
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As shown in Fig. 1, the acid dependence 
curves for TBEDP and TBP have a considerable 
resemblance ; maximum extractions of uranium- 
(VI) from nitric acid solutions are observed at 
about 6M nitric acid concentration in both 
cases. 

i 


As Fig. 2 shows, similarity in the shape of 
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the acid dependence curves for TBEDP and 
TBP is also found in the acidity range up to 
about 6 M nitric acid ; the Ka values for thorium- 
(IV) increase with increasing acidity. In the 
higher acidity range, the Ka values by TBEDP 
tend to decrease gradually, whereas those by 
TBP have an increasing tendency, especially 
in the acidity region over about 10M nitric 
acid. 

Effect of TBEDP Concentration on Extrac- 
tion of Uranium(VI).— Figure 3 shows two 
series of results in the range of 1x10~° to 
1x10-'m TBEDP concentration in the organic 


10" 


Distribution ratio 


— 
oa: 





10° 10° 10 
TBEDP in organic phase, M 


Fig. 3. Power dependence of distribution ratio 
on TBEDP concentration. 


phase, keeping the acidity of the aqueous phase 
constant. In the plots of log Ka vs. logarithmic 
TBEDP concentration, the slope of the lines 
through the points is 1.1 for both 0.51 and 
5.9m nitric acid up to about 6x 10~-*m TBEDP 
concentration. The first power dependence of 
the Ka values on the TBEDP concentration 
indicates the 1:1 TBEDP to uranium ratio. 
The complex formed in the organic phase may 
be UO.-(NO;).-TBEDP, analogous to the 
corresponding uranium(VI) compound in TBP 
It is in good agreement with the 
Healy and Kennedy” for 
diphosphoryl reagents 
P(O)Y(O)P= (where Y 


extraction 
results obtained by 
benzene solutions of 
containing the group 


7) H. A. C. McKay, “Proceedings of International 
Conference on Peaceful Uses of Atomic Energy’, Vol. 
Vil, p/441, United Nations Publication, New York (1956). 

8) T. V. Healy and J. Kennedy. J. Inorg. Nucl. Chem., 


10, 128 (1959). 
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is oxygen, methylene or ethylene), saturated 
with uranyl nitrate. 

Infrared Studies on the Organic Phase. 
Infrared absorption studies may provide some 
information on the extracting behavior of 
uranyl nitrate by TBEDP. Infrared spectra were 
recorded for the following samples: (1) kero- 
sene, (11) pure TBEDP, (III) 0.2m kerosene 
solution of TBEDP, (IV) 0.2m _ kerosene 
solution of TBEDP after being shaken with 
6M nitric acid, and (V) 0.2M_ kerosene 
solution of TBEDP after being shaken with 
0.5M uranyl nitrate solution in 6M nitric acid. 
The spectra in the region of 900 to 1700cm 
are illustrated in Fig. 4. 





c 
° 
‘2D 
= 
E 
+ 
c 
= 
- 
1700 1500 1300 1100 900 
cm~! 
Fig. 4. Infrared absorption spectra of samples 


I—V. 


(I) Kerosene 

(Il) Pure TBEDP 

(IIl) 0.2M Kerosene sclution of TBEDP 

(IV) 0.2M Kerosene solution of TBEDP 
after being shaken with 6M nitric acid 

(V) 0.2M Kerosene solution of TBEDP 
after being shaken with 0.5™M_ uranyl 
nitrate in 6M nitric acid 


The spectrum of the sample III can be ex- 
plained as a mixture of the samples I and II. 
In the spectrum of III, the bands at 1462 and 
1380cm~' are assigned to the deformation vib- 
rations of methyl groups in TBEDP and kero- 
sene. The band at 1255cm~' and the bands 
in the region of 1100 to 950cm are due to 
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TBEDP. The 1255cm~'! band is assignable to 
the P-O stretching frequency, while the other 
bands are associated with the stretching vibra- 
tions of the P-O-C linkage and the C-C bond. 

In the spectrum of IV, three new absorption 
bands were observed at 1649, 1305 and 944 
cm~'. According to Peppard et al.”’, four absorp- 
tion bands are found in the infrared spectrum 
of 100% nitric acid at 1680, 1308, 924 and 769 
cm~'. The addition of water to 100% nitric 
acid causes the appearance of bands at 828 and 
1380~1410cm~' which have been attributed to 
the nitrate ion’ Thus, these three new 
bands are possibly due to nitric acid. The band 
due to the nitrate ion in the 1380~1410cm~'! 
region appears to overlap the 1380cm~' band 
observed for TBEDP. These results indicate 
that nitric acid is extracted into the TBEDP 
organic phase. 

The P-O stretching band, which appears at 
1255cm~' in pure TBEDP, shifts to about 1220 
cm '. The corresponding band in the spectrum 
of V is observed at 1169cm On the other 
hand, the bands near 1030cm~‘' do not show 
any change in the spectra for III, IV and V. 
Therefore, the P-O bond takes part in the 
extractability of nitric acid and uranyl nitrate 
by TBEDP, but the P-OC linkage does not 
appear to participate. 

It is noticeable that the strong band of 
nitric acid observed at 1649cm for IV dis- 
appears in the spectrum of V. The bands at 
1305 and 944cm~', which are also due to nitric 


acid, can not be found. Consequently, nitric 
acid seems to be nearly absent in V. These 
results suggest that uranium(VI) is extracted 


into the TBEDP organic phase more predomi- 
nantly than nitric acid. 

A band at 937cm is observed in the 
spectrum of V instead of the absence of 944 
cm~'. This band may be assignable to the 
U-O stretching frequency''' 


Healy and Kennedy*? have proposed the 
structure 
Pr-O 
7 UO.(NO;); 
Pr-O 


9) D.F. Peppard and J. R. Ferraro, ibid., 15, 365 (1960). 
10) G. Herzberg, “Infrared and Raman Spectra of Poly- 


atomic Molecules”, Van Nostrand, New York (1945), 
p. 322. 

11) D. Redlich and L. E. Nielsen, J. 4m. Chem. Soc., 65, 
654 (1943). 


12) D. K. Ingold and D. J. Millen, J. Chem. Soc., 1950, 
2612 

13) R.A. Robinson and R. H. Stokes, 
Solutions’, Academic Press, New York (1959). 

14) G. K. T. Conn and C. K. Wu, Trans. Faraday Soc., 
34, 1483 (1938). 

15) L.H. Jones, J. Chem. Phys., 23, 2105 (1955). 

16) B. M. Gatehouse and A. E. Comyns, J. Chem. Soc.. 
1958, 3965. 
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for the chelate complex formed between di- 
phosphoryl reagents and uranyl nitrate This 
model is consistent with the present results. 
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Uber die Einwirkung von Brom auf 9-Acetylfluoren 


Von Mitsuo MASAKI 


und Masaki OHTA 


(Eingegangen am 21 Februar, 1961) 


oder 
berichtet 
unseres 

Unter- 


Fluorenen' 
ausfiihrlich 

9-Acylfluorene fehlen 
bisjetzt entsprechende 


Die Halogenierung von 
Dibenzofulvenen”? ist 
worden. Uber 
Wissens aber 
suchungen. 

Um das Ziel, 9-Glycylfluoren darzustellen, 
das durch Umsetzung von 9-Bromacetylfluoren 
mit Amin erhalten werden mag, haben wir 
zunichst Bromierung von 9-Acetylfluoren ins 
Auge gefasst. Es schien uns auch interessant 
zu sein, die Halogenierungsfahigkeit der 2-, 7- 
und 9-Stellungen des Fluorenrings, in dessen 
9-Stellung Acetylgruppe vorliegt, und der 
Acetylgruppe aufzuschliessen. 

Uber die Synthese von 9-Acetylfluoren (1) 
sind von Miller u.a.*? die Umsetzung von 9- 
Fluorenyl-lithium mit Acetylchlorid und von 
Wagner u.a.'? die Claisen-artige Ester-Kondensa- 
tion von Fluoren mit _ Essigsdureiathylester 
berichtet worden. Nach dieser Methode haben 
wir I erhalten kénnen. Da auf jener Methode 
es aber einige Fragen’? gibt, haben wir die 
Reaktion von 9-Fluorenyl-lithium mit Acetyl- 
chlorid versucht. Dabei erhalt man _ nicht I, 
sondern eine Substanz vom Schmp. 182°C, 
deren Molekularformel C,;H..O darstellt. Durch 


1) a) Ch. Courtot und C. Vignati, Bull. soc. chim., 41, 
58 (1927). b) J. R.Sampey und E. E. Reid, J. Am. Chem. 
Soc., 69, 234 (1947). c) R.C. Fuson und H. D. Porter, J. 
Am. Chem. Soc., 70, 896 (1948). 

2) a) W. Dilthey und P. Huchtemann, J. prakt. Chem., 
(2) 154, 238 (1940). b) E. Bergmann und A. v. Christiani, 
Ber., 63, 2559 (1930). c) E. Bergmann und A. v. Christi- 
ani, ebenda, 64, 1491 (1931). 

3) H. F. Miller und G. B. Bachman, J. 
57, 766 (1935). 

4) I. Von und E. C. Wagner, J. Org. Chem., 

5) E. J. Greenhow, E. N. White und 
Chem. Soc., 1953, 3099. 


Am. Chem. Soc., 


9, 155 (1944). 
D. McNeil, J. 


_a-Di-9-fluorenyl-athanol (11) 


Infrarot-Absorptionen bei 1060 und 3570cm 
wie die typischen Banden beim _ tertiaren 
Alkohol (Abb. 1) und durch  Ultraviolet- 
Spektren wurde die Struktur der Substanz als 
festgestellt, das 





(I) 


offenbar durch weitere Einwirkung von 9-Fluo- 
renyllithium auf primar gebildetes 9-Acetyl- 
fluoren entstanden war. 


50 





0 — 
4000 2600 2000 1300 650 
cm 


Abb. 1. Infrarot-Spectrum von II 


> entsteht bei der Einwirkung 
von Benzoylchlorid auf 9-Fluorenyl-lithium 
neben 9-Benzoylfluoren Di-9-fluorenyl-phenyI- 
carbinol. Bei Acetylchlorid erhalt man jedoch 
nur II selbst dann, wenn 9-Fluorenyl-lithium 


Nach Schlenk 


6) W. Schlenk und E. Bergmann, Ber., 62, 745 (1929 
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sich zur atherischen Lésung von iiberschiissigem 
Acetylchlorid langsam hinzutropfen lasst. Daher 
kann man sich so vorstellen, dass die Reaktion 
von 9-Fluorenyl-lithium mit 9-Acetylfluoren in 
bestimmten Temperatursbereichen schneller als 
die mit Acetylchlorid sei. 

Bei der Einwirkung von iquivalentem Brom 
auf | in Ather bei Raumtemperatur erhalt man 
zwei Produkte, nahmlich Monobrom-k6rper 
(111) vom Schmp. 109~110°C (9.1 TI.) und 
Dibrom-kérper(I1V) vom Schmp. 162~164°C 
(0.9 TI.). 

Beim Erhitzen mit Anilin liefert III Anilino- 


KO6rper(V), der in Saéure unléslich ist. Beim 
langeren Erwairmen von III in Pyridin erhilt 
man eine schwarzbraune Substanz, die man 


sich als Pyridiniumsalz von III vorstellen kann. 
Aber die Elementaranalyse des Perchlorats 
zeigt, dass diese Molekularformel C,,H,,O,N 
darstellt, dass also unter Hydrolyse im Verlauf 
der Reaktion Acetylgruppe sich abspalten lasst 
und daher dass das Bromatom in III an einen 
Fluoren-Kern gebunden ist. 

Die Konstitution des Perchlorates(VI) ergibt 
sich aus seiner Umsetzung itiber Nitron zum 
9-Fluorenon. 

Bei der Einwirkung von p-Nitroso-dimethyl- 
anilin auf VI in Pyridin erhalt man entspre- 
chendes Nitron (VII), das sich mit Séure zu 
9-Fluorenon zersetzen lasst. 


if COCH, COCH, j 
| p- . KG - N+ 
Br F. < N+ / < - 
T . By “C10, 
Ill (V1) 
Vj 
i. f _ jh H \= 


VII) 


Aus den oben erwihnten Tatsachen und 
Ultraviolet-Absorptions-spektren kann geschlo- 
ssen werden, wie in der Abbildung gezeigt, 
dass VI das Pyridiniumsalz des 9-Bromfluorens 
ist, und also dass die Verbindung vom Schmp. 


109~110 C (IIIl) 9-Brom-9-acetylfluoren dar- 
stellt. 
Erhitzt man Dibrom-kérper vom Schmp. 


162~164°C (IV), der auch bei der Einwirkung 
von 2 Mol Broms auf I quantitativ entsteht, 
mit iiberschiissigem Anilin in Benzol, so erhilt 
man neben Anilinhydrobromid, ein Mono- 
anilino-monobrom-derivat (VIII), das sich bei 
der Reduzierung mit Zinkpulver Monoanilino- 
derivat tiberfiihren lasst, das nicht anders als 
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die aus III gewonnene Verbindung (V) ist. Der 
Dibrom-k6rper enthalt also eins der zwei 
Bromatome in 9-Stellung. 

Beim langeren Erhitzen mit Anilin setzt sich 
VIII zu Dianilino-kérper (IX) um. Aus dieser 
Tatsache und aus der Umsetzung von IX mit 
Kaliumhydroxyd in Alkohol ergibt sich die 
Stellung des zweiten Broms. 

Bei der Einwirkung von methanolischem 
Kaliumhydroxyd auf IV bei Raumtemperatur 
erhilt man das bromfreie Produkt, dessen 
Bruttoformel C,;H,.O» darstellt. 

Nach einigen Vorschlaégen'*:’? kann man sich 
leicht vorstellen, dass das an 2- oder 7-Stellung 
von Fluoren-kern gebundene Brom nicht unter 
den oben erwihnten Bedingungen reagieren 
kénne, und dass die Brome in IV nicht an 2- 
oder 7-Stellung gebunden sei: So sei die 
Verbindung (IV) 9-Brom-9-bromacetylfluoren, 
und diese Vermutung wurde durch Ultraviolet- 
Absorptionsspektren bestitigt. 

Als Konstitution des oben erwiahnten Pro- 
dukt (C,;;H:-O.) kann man sich Formel X-a 
oder X-b vorstellen, die aber noch jetzt unter- 
sucht wird. 


COCH,Br GH.NH COCH,Br Zn ‘\\ COCH3 
‘B: < NHCsH 4 NHC.H 
y 
IV Vill (V) 
‘ 
KOH C,.H,NH 
in MeOH : os 
r ‘ 
a (III) 
=< COCH, ™ COCH,OH “\\ COCH,NHC,H, 
% y y 
{OH JfH —< NHC.H 
oder 
ra 
— (X-b) ix 


Die Bromierung von I mittels N-Bromsuccin- 
imids ist uns nicht gelungen. 

Es ist bemerkenswert, dass Acetylfluoren sich 
mit Brom zuerst in die 9-Stellung bromieren 
lasst und keine Bromierung mit NBS 
stattfindet, indessen Fluoren selbst sich bei der 
Einwirkung von Brom bei 0~5°C in 2- oder 
2-, 7-Stellung'*? bromieren lasst und bei der 
Bromierung mit NBS 9-Bromfluoren'” entsteht. 


Beschreibung der Versuche 


a-Di-9-fluorenyl-ithanol (I1).-—- Eine 
Lésung von 9-Fluorenyl-lithium, aus 8g Fluoren 
nach der Methode von Burtner und Cusic* dar- 
gestellt, wird unter mechanischem Rithren zu einer 
eisgekiihlten Lésung von 5g Acetylchlorid in 30 
ccm abs. Ather langsam hinzugetropft, die Reak- 
tionslésung liasst sich noch 2 Std bei Raumtempe- 
ratur riihren und darauf in cin Gemisch von Eis 
atherische 
wisseriger 


atherische 


und Ammoniumacetat' giessen. Die 


Schicht wird zusammen mit dem mit 


7) J. Schmidt und K. Bauer, ebenda, 38, 3751 (1905) 
8) R. R. Burtner und J. W. Cusic, J. Am. Chem. Soc., 
65, 264 (1943) 
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Schicht noch 2 Mal geschiittelten Ather mit Natrium- 
sulfat getrocknet. Der nach dem Abdamppen des 


Ather erhaltene Riickstand wird 2 Mal mit 
Petrolither und darauf mit wenigem Athanol 
gewaschen, und aus Athanol umkristallisiert. 
Hellrétliche Nadeln vom Schmp. 182°C. Ausb. 
3.36. 

Gef.: C 89.16; H 6.07. Ber. fiir CosH20: C 


89.84; H 5.88%. 

9-Brom-9-acetylfluoren (III).—-Man versetzt einer 
Lésung von 7.2g des nach der Methode von Von 
und Wagner*® erhaltenen 9-Acetylfluorens in 120 
ccm Ather mit 5.5g Brom bei Raumtemperatur 
und schittelt das Gemisch um: Sofort verliert 
sich die Farbe des Broms. Nach 4~5 stiindigem 
Stehen bei Raumtemperatur wird der abgeschiedene 
Niederschlag durch Dekantierung abgetrennt, der 
1.3g wiegt, nach dreimaligen Umkristallisierungen 
den Schmp. 160~161°C und bei Mischprobe mit IV 
keine Depression zeigt, und die dtherische Reak- 
tionslésung ergibt beim Abdampfen des Athers das 


kristallinische Produkt. Ausb. 8.3g. Farblose 
Nadeln vom Schmp. 109~110°C (aus Athanol, 
Essigsiure oder Ligroin). 

Gef.: C 62.90; H 4.04. Ber. fiir C,;;H,;,OBr: 
C 62.72; H 3.83%. 


9-Brom-9-bromacetyHluoren (1V).--Zu einer Lés- 
ung von 5.3 g 9-Acetylfluoren in 100ccm abs. Ather 
setzt man unter Umschiitteln langsam 8.2g Brom 
zu. Nach eintagigem Stehen der Mischung wiegen 
die abgeschiedenen delben Nadeln 7g und werden 
aus Athanol umristallisiert. Farblose Nadeln vom 
Schmp. 162~164°C. 

GCa.: ¢ e.2; 
C 49.18; H 2.73%. 

Einwirkung von Pyridin auf 9-Brom-9-acetyl- 
fluoren.-—In 10ccm reinem trocknem Pyridin lést 
man 2.1g III, wobei es sich leicht erwarmt, 
verschliesst den Kolben mit einem Calciumchlorid- 
Rohr, lasst es 3 Std bei Raumtemperatur stehen, 
darauf erwirmt man dieses ungefahr 3~4 Std auf 
dem Wasserbad und dann fiigt man 200 ccm Benzol 
hinzu. Das ausgefallene, harzformige Produkt wird 
nach der Entfernung von der benzolischen Lésung 
durch Dekantierung mit 80ccm heissem Wasser 
extrahiert. Nach dem Erkalten versetzt man die 
wasserige Lésung mit Aktivkohle, filtriert sie ab 
und fiigt eine Lésung von Perchlorsdiure zum 
Filtrat hinzu. Im Ejisschrank scheidet sich N-9- 
Fluorenyl-pyridiniumperchlorat (VI) vollstandig ab. 
Es wird abfiltriert und aus Athanol umkristallisiert. 


H 2.86. Ber. fiir Cj;H;OBr: : 


Blass-orange Niadelchen vom Schmp. 213~214°C. 
Ausb. 1.1 g. 
Gef.: N 4.18. Ber. fiir C;sH1sO,;NCI: N 4.08%. 


9 - Fluorenon - (p- dimethylaminopheny]) nitron 
(VII).—-In 6ccm Pyridin lést man 0.7g VI auf, 
versetzt es mit 0.27g p-Nitrosodimethylanilin und 
fiigt 1.8ccm 2N Natriumhydroxyd unter Umsc- 
hittelIn hinzu. Unter leichter Erwarmung scheidet 
sich ein Niederschlag ab. Nach 5~6 Sid wird er 
abfiltriert und aus Athanol umkristallisiert. Ausb. 
0.5 g. Orange Prismen vom Schmp. 237~239 °C. 

Gef.: N 9.27. Ber. fiir Co;H)sON2: N 8.92%. 

Hydrolyse von VII. —Im Scheidetrichter werden 
0.5g VII mit 20ccm 3N Salzsiéure durchge schiittelt 


und 2~3mal mit je 20ccm Ather ausgeschiittelt. 
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Den vereinigten Atherextrakt wascht man _ mit 
Wasser, trocknet mit Natriumsulfat und dampft 


ein. Es bleiben 0.22g 9-Fluorenon, das als Hydra- 
zon festgestellt wurde hinter. Schmp. 149~150°C 
(Lit. : 149~150°C). 

Gef. N 14.10%. 

9-Anilino-9-acetylfluoren (V).--Zu einer Lésung 
von 0.4g Anilin in 20ccm Athanol setzt man 1g 
Ill zu, erwarmt dieses 4 Std bei 60~70°C auf dem 
Wasserbad, -nach der Versetzung mit Aktivkohle 
erhitzt man dies im Riickfluss und darauf filtriert 
man das Gemisch ab, aus dem sich beim Erkalten 
Schuppen auskristallisieren. Ausb. 0.9g. Aus 
Athanol umkristallisiert, verwandeln sie sich in 
farblose Prismen vom Schmp. 142~144°C. 

Gef.: N 4.55. Ber. fiir Co,H1;ON: N 4.68%. 

9-Anilino-9-bromacetylfluoren (VIII).—Zu einer 
Lésung von Sg Anilin in 40ccm trocknem Benzol 
setzt man 5g IV zu und erhitzt sie 2 Std auf dem 
Wasserbad. Nach der Entfernung des gebildeten 
Anilinhydrobromids nach dem Erkalten lasst sich 
die Lésung unter vermindertem Druck einengen 
und mit Athanol versetzen, wobei langsam farblose 


Fluoren 


Amex, A 2260" 2545* 2610 2720* 2895 3010 
log < 3.91 4.23 4.28 4.13 3.81 3.98 
a-Di-9-fluorenyl-athanol 

Reni Th 2600* 2695 2810* 2920 3040 
log « 4.43 4.50 4.33 3.96 3.97 
N-(9-Fluoreny]!)-pyridiniumperchlorat 

Ay ,A 2260 2330 2690 2815* 

log « 4.45 4.35 4.25 4.11 
9-Acetyl-9-fluorenol oder 9-(2'-Hydroxyacetyl)- 

fluoren 

Amex, A 2240 2555 2640 2740* 2845 3190 
log « 4.38 4.50 4.70 4.10 4.08 4.12 
9-Brom-9-acetylfluoren 

Amaxehh 2475 2620* 2850* 

log < 4.45 4.14 3.89 
9-Brom-9-bromacetylfluoren 

Amex; 2545 2640 2720* 2850 3180 
log « 4.41 4.39 4.03 3.95 3.66 
9-Anilino-9-acetylfluoren 

Amax, A 2250* 2330 2465 2675 2770* 3080* 
log < 4.39 4.32 4.35 4.25 4.11 3.40 
9-Anilino-9-bromacetylfluoren 

Amaxs A 2240* 2335 2465 2680* 

log « 4.41 4.36 4.36 4.24 
9-Fluorenon-hydrazon 

Amexs A 2370 2540 2940~3050 3320 
log « 4.75 4.37 3.96 4.07 


9-Fluorenon-(p-dimethylaminopheny])nitron 
r) JA 2405 2625 
loge 4.68 4.69 


* Schulter (in 99.5% Athanol) 
UV-Absorptions-spektren 
I 


9) H. Staudinger und O. Kupfer, Ber., 44, 2207 (1911). 
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Nadeln auskristallisieren. Ausb. 4.2g. Aus 
Athanol umkristallisiert, entstehen farblose Nadeln 
order Schuppen vom Schmp. 137~139-C. 

Gef.: N 3.55 Ber. fiir Co,5H;,ONBr: N 3.70%. 

9-Anilino-9-anilinoacetylfluoren (I1X).-— Zu einer 
Lésung von |g Anilin in 12ccm trocknem Benzol 
setzt man 1.7g VIII zu und erhitzt dieses 20 Std 
im Riickfluss. Nach der Entfernung des gebildeten 
Anilinhydrobromids engt man die L6sung ein, 
versetzt sie mit ein wenig Athanol und liasst sie 
bei Raumtemperatur stechen. Nach einer Woche 
erhadlt man | g gelbroten Niederschlag, der sich aus 
Benzol in farblose Nidelchen umkristallisiert. 
Schmp. 178~179 C. 

Gef.: N 7.22. Ber. fiir Co;H2ON2: N 7.18%. 

Reduzierung von VIII mit Zinkpulver.--In einen 
Gemisch von 90ccm Athanol, 20ccm Benzol und 
S5ccm Wasser lést man 2g VIII auf, versetzt dieses 
mit Sg Zinkpulver, erhitzt es 5 Std im Riickfluss 
unter mechanischem Riihren und dann filtriert man 
das Gemisch ab. Das Filtrat wird unter vermin- 
dertem Druck eingeengt, wobei ein kristallinisches 
Produkt zuriickbleibt. Ausb. 1.3g. Aus Athanol 
umkristallisiert, erzeugen sich ftarblose Schuppen 
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vom Schmp. 140~143.5-C und bei Mischprobe mit 
V zeigen sie keine Depression. 

Einwirkung von Kaliumhydroxyd auf IV_ in 
Methanol.—-Man ldést 0.5g Kaliumhydroxyd in 40 
ccm abs. Methanol auf, versetzt es mit 1.7g IV 
und schittelt das Gemisch um, wobei die farblose 
Lésung intensiv gelb gefarbt wird und Nadeln 
ausscheidet. Nach 1~2 stiindigem Umschiitteln 
lasst man die Lésung 10 Std bei Raumtemperatur 
stehen, filtriert den gebildeten Niederschlag ab und 
wascht ihn mit Wasser, der 0.6g wiegt: Aus dem 
methanolischen Filtrat kann man noch ein 0.6g 
Produkt erhalten. Aus Alkohol oder Petrolather 
umkristallisiert, erhalt man gelbe Nadeln von Schmp. 
110~112 C. 

Gef.: C 80.87; H 5.25. Ber. fiir C;;H;202 (X): 
C 80.36; H 5.36%. 


Dr. Asaji Kondo danken wir bestens fiir 
seine Ausfiihrung der Mikro-analyse. 
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It has been pointed out that the viscosity 7 
of aqueous solutions of strong electrolytes can 
be expressed by the following empirical equa- 
tion given by Jones and Dole 


n/Y |. Ae Bc (1) 


where 7, is the viscosity of pure water, A and 
Bare parameters independent of concentration 
c (mol. 1. solution). Moreover, it is indicated 
that contrary to the positive value of A, the 
B-parameter can possess either sign correspond- 
ing to each pair of individual ionic species, 
and that the magnitude of B is several times 
greater larger than that of A. It is noteworthy 
that the second term in Eq. | can be derived 
from the Debye-Hiickel limiting law, and that 
the accord of theoretical derivation with the 
A-parameter obtained experimentally is very 
satisfactory. This excellent work focused in 


!) E. g.. H. S. Harned and B. B. Owen, “ Physical 
Chemistry of Electrolytic Solutions” Reinhold Publ. 
Corp., New York (1950), p. 172. 

2) H. Falkenhagen and E. L. Vernon, Phys. Z., 33. 
140 (1932); Phil. Mag., (7) 14, 537 (1932). 


the ion-ion interaction was done by Falken- 
hagen and his coworkers On the other hand, 
the consideration of the parameter B has pro- 
bably been treated more qualitatively compared 
with A. It is generally accepted that B may 
be determined additively from the specific 
value of the individual ion*? and its temperature 
coefficient can be used as a measure indicating 
the effect of ion-solvent interaction in flow’*?. 
However, we should bear in mind the fact that 
the above-mentioned consideration should be 
limited to a narrow range of extremely dilute 
solutions. Frank and Thompson” have recently 
given fundamental reconsideration to some 
thermodynamic quantities and called our atten- 
tion to the limit of the validity of the Debye- 
Hiickel theory. According to their conclusion 
the Debye-Hiickel formalism breaks down 
around the critical concentration c, Owing to 


3) E. C. Bingham, J. Phys. Chem., 45, 885 (1941); M 
Kaminsky, Discuss. Faraday Soc., 24, 171 (1957). 

4) R. J. Podolsky, J. Am. Chem. Soc., 80, 4442 (1958). 

5) H.S. Frank and P. T. Thompson, J. Chem. Phys., 
31, 1086 (1959): ** The Structure of Electrolytic Solutions”. 
John Wiley & Sons, Inc., New York (1959), p. 113. 
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TABLE I. RELATIVE VISCOSITIES OF 1-1 ELECTROLYTE SOLUTIONS 


Lithium chloride, 25°C Lithium bromide, 27°C Sodium chloride, 30°C Sodium bromide, 25°C 
by Suryanarayana and 
Venkatesan 


c, mol./1 c, mol./I. c, mol./I. c, mol./I. 
0.7141 1.119 0.597 1.065 1.00 1.107 0.496 1.028 
1.189 1.188 1.055 1.104 1.50 1.152 0.973 1.058 
1.666 1.265 1.505 1.147 2.00 1.212 1.458 1.095 
2.423 1.343 1.968 1.199 2.50 1.284 1.946 1.146 
2.608 1.433 2.441 1.250 3.00 1.356 2.429 1.197 
3.078 1.517 2.897 1.320 3.50 1.434 2.918 1.256 
i 3.54C 1.634 3.376 1.380 4.00 1.522 3.403 1.345 
4.016 1.335 3.802 1.44] 4.50 1.614 3.888 1.437 
4.485 1.879 4.265 1.516 5.00 1.709 4.373 1.528 
4.964 2.020 4.72% 1.654 4.861 1.651 
Sodium iodide, 23°C Potassium fluoride, 26°C Potassium chloride, 25°C 
by Kume and Tanaka 
c, mol./I c, mol./I1 c, mol./1 
0.499 1.022 0.525 1.067 0.4985 0.998 
0.998 1.042 1.034 1.135 0.7321 0.996 
1.487 1.055 1.564 1.218 0.9692 0.995 
1.982 1.094 2.081 1.291 1.0000 0.997 
2.470 1.127 2.582 1.382 1.433 0.997 
2.963 i .2az 3.107 1.474 1.883 1.002 
3.457 1.247 3.619 1.588 2.318 1.010 
3.951 1.371 4.149 1.701 2.742 1.020 
4.450 1.447 4.661 1.816 3.528 1.053 
4.937 1.596 5.220 1.944 3.550 1.054 
6.032 - 2.194 3.728 1.064 
6.445 2.320 3.932 1.078 
4.132 1.093 
4.174 1.097 
Potassium bromide, 21 C Potassium iodide, 21°C Cesium chloride, 25°C 
c, mol./I. c, mol./I. c, mol./l 
0.4315 0.983 0.610 0.964 0.5975 0.980 
0.8439 0.967 1.208 0.931 1.509 0.964 
1.271 0.953 1.817 0.904 2.267 0.956 
1.692 0.942 2.426 0.919 3.088 0.977 
2.104 0.943 3.015 0.925 4.058 1.010 
2.524 0.937 3.626 0.943 
2.942 0.947 4.831 1.022 
3.379 0.954 6.039 1.152 
3.802 0.966 
4.206 0.986 
the failure of the fine-grainedness* of the ion Experimental 


cloud. It is estimated that c)~10~* mol./I. for 
1-1 electrolytes at 25°C. 

The aim of this paper is directed to the 
concentrated range reaching the saturation 
specified at a given temperature. 


The measurements of viscosity were made with 
conventional Ostwald viscometers in a water bath. 
According to the Hagen-Poiseuille law, the viscosity 
can be generally determined by 

y Kot (2) 

* It is noticeable that the various quantities defined 

in the ion cloud are to be essentially nonfluctuating. Let where po is the density of solution; ¢ is the efflux 


us consider one volume element in th loud Then, the ~ . 
rr ; % silieeagee “ time and K is a constant of the viscometer for 

frequency with which one ion happens to exist there : 

should be sufficiently small. They introduce a new term a constant charge of liquid. Kinetic energy correc- 

of ‘* fine-grainedness”’ to express the degree of averaging. tion term K'p/t ( ty constant) can be omitted in 

Of course, in, the limiting case of extremely dilute solu- our present systems because the amount is negligible. 


tion this requirement would be strictly justified.—The ion TI | , © of tw viscometers used were 
cloud would have the character of infinitely fine-grained 1€ values Ol . wo iscometers we = 


matter. 3.214 10 and 2.895x10~°, respectively. These 








1262 Takeshi SATOH and Koreaki HAYASHI 


values were determined by blank tests with pure 
water at different temperatures. The density p of 
each solution was measured with a picnometer. 

Lithium chloride, lithium bromide, sodium bro- 
mide, sodium iodide, potassium fluoride, potassium 
bromide, potassium iodide and cesium chloride 
were used as electrolytes. These samples were all 
special-grade commercial products. They were dried 
in a thermostat long enough before they were made 
into solutions. 


Results 


Our experiments were carried out at room 
temperature by varying the concentration of 
solutions. 

Suryanarayana and Venkatesan”? have already 
reported the viscosities of sodium chloride 
solutions from 1 molal to saturation and from 
30 to 55°C. Kume and Tanaka” have also 
presented a paper on some kinds of electrolytic 
solutions, in which the data of sodium chloride 
and potassium chloride are included. Conse- 
quently, for sodium chloride and potassium 
chloride we can utilize these data. In Table 
I our results are listed together with some of 


them. All the results are also shown in Fig. 1. 
cl alte 
4 
FA 
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~ r — 
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y 
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Ww 
=~ 
09s 
oi. 2 & 3 ;s¢ @ 4 
c, mol./I. 
Fig. 1. Plots of relative viscosity against 


concentration. 


Discussion 
One might easily admit that the relative 
viscosity vs. concentration curves could be 
generally classified into two groups. In the 


first type the relative viscosity varies almost 


linearly with the concentration in the dilute 
range (the slope is all positive) and then 
6) C. V. Suryanarayana and V. K. Venkatesan, Trans. 


Faraday Soc., 54, 1709 (1958). 
7) T. Kume and M. Tanaka, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 81, 534 (1960). 
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deviates clearly from the linearity after passing 
a critical point of concentration. The second 


type is one that indicates so-called negative 
viscosity --the behavior as a whole is not 
greatly different from the former, but it can 


be distinguished on one point, namely that 
its slope in the dilute range is negative. We 
would claim that the concentration correspond- 
ing to deflection point might be closely related 
with a critical concentration that is charac- 
terized in our model concerning the structure 
of electrolytic solutions. As general tendencies, 
with increasing temperature the absolute value 
of the tangent becomes greater and the deflection 
point moves to a higher concentration. But 
the displacement of the latter is so small that 
it can be neglected in the present problem. 
Derived from the data by Suryanarayana and 
Venkatesan"? the temperature coefficient of the 
displacement under consideration is estimated 
as the order of 0.02 mol./l. deg These be- 
haviors are shown in Fig. 2. 


Deflection point 
mol. /l 


0.12 4 
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Fig. 2. Temperature coefficient of deflection 
point and tangent of slope against con- 
centration (NaCl solution). After Surya- 
narayana and Venkatesan. 


the consideration in more 
detail. It is convenient to take series, e.g. 
anion series -in one series a cation is sub- 
stituted corresponding to a fixed anion. In 
Fig. 3 the dependence of the ionic radius upon 
the tangent is plotted. One may notice the 
general feature that the tangent becomes 
smaller with increasing ionic radius (at a 
virtual value** its sign changes from positive 


Let us continue 





** It is interesting to note that a critical value may 
probably satisfy a condition, in which a sum of both 
radii of the ions involved in one series is equal to 3.1~ 
3.3A. In the Cl series K* is incidentally fitted in this 
relationship. 
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Fig. 3. Tangent of slope vs. ionic radius. 


to negative) and the deflection point moves to 
a lower concentration***. Concerning the dilute 
range in which the viscosity varies linearly 
with the concentration, we would conform to 
Broersmas’ treatment®. According to his as- 
sumption of local viscosity, the viscosity 7 
can be set, 


0=No ¥ Be F- (7i-7—No-0) (3) 


region containing neighboring water molecules 
in the ith and jth hydration layers, conse- 
quently 7% -» is a local viscosity in a region 
containing both free waters; vi, ni and Uo, Mo 
are the volume and the number per unit 
volume of water molecules existing in these 
respective states. N, the total number of water 


molecules per unit volume can be written: 


where 7:-;(=7;-i) is a local viscosity in a 


N=no+n(mc 45+ mic -) + Moc +) + M2 -y) 


where mic+), Mic-> and m+», moc-» are the 
hydration numbers of primary and secondary 
layers surrounding a cation and an anion 
respectively. Equation 3 is considered to be based 
upon the following fundamental concepts. 
Local friction force is proportional to the total 
cross-sectional area of the molecules which are 
proportional to their volumes and the velosity 
gradient (a const) and the resultant of these 
effects contribute to the bulk viscosity. Factor 
2 enters because the layers considered are 
identical so that element i and j can meet 
either way. The higher terms containing more 
than the square of concentration, (1;/N)’, are 
neglected. In other words the bulk viscosity 


*** This facts can be deduced from our data in spite of 


slight differences of temperature. 
8) S. Broersma, J. Chem. Phys., 24, 659 (1956). 
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is assumed to be givin by averaging the effect 
of local viscosity with the weights of relative 
volume and concentration of the water mole- 
cule in different state. 

From the standpoint of our model Eq. 3 can 
be written, 


Nic. NV 
Roa) o+2 ; (910 49-20+)—-% ) 
;* Nvo 2 ‘ 
Noc 4 nv 
+2 - ’ (2c +- y ) 
Nv» 
nic NV i¢ ) 
2 : (Hic-) y ) 
Nvy 
No —NV2x¢ - > 
2 Nv (%2¢->-0 —%o-0) (4) 
If we assume that c+) = 1 a 
H2+)-0>Y »-9, the equation can be trans- 
formed to, 
7, 1 n ( ) v ( Y, 1) 
~ 2 n nic-) 
Y N Vo\ 7 j 
v,/7, \ 
(noc +) + Moc -y) 1) (5) 
v 7 


Since n-—cN/1000, where WN is the Avogadro 
number, we find that the relative viscosity 
varies linearly with the concentration. The 


‘factor of the linear term can clearly possess 


either sign. Since an inequality >Ho-o IS 
admitted as being always valid, the correlation 
between 7-9 and 7 is likely to have a 
casting vote in the determination of the sign. 
When %-»>%-0, the sign shows positive. 
When 7-»<%-o, the sign shows positive or 
negative corresponding to the inequality: 
(7 No-0)/ (o-0— 2-0) 


= (2/01) (nec + + Moc - >) / (mic +) + Mic -y) 


It turns out, therefore, that the condition of 
negative viscosity is given by 


N2-0<No-0 (M1-2—o-0)/(G He-o) <5 (6) 


dé 4 


in rough approximation”. 

It should be understood that the above- 
mentioned consideration does not contradict 
Eq. 1. As the concentration reaches nearly 
0.1 mol./I., the linear term becomes predominant 
compared with the Debye-Hiickel-Falkenhagen 
term. Of course, we could not express the 
relationship exactly only with a linear term. 
Kaminsky'”? has recently clarified the fact that 
we have to supply a quadratic term in order 
to obtain a more precise formula even in the 
range up to 0.5 mol./Il. However, since the 
factor of linear term is larger than two other 


9) T. Satoh and K. Hayashi, J. Phys. Soc. Japan, 15, 
1658 (1960). 

10) M. Kaminsky, Z. Phys. Chem., 5, 154 (1955); 8, 173 
(1956). 
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terms by one degree of order of magnitude, it 
is apparent that it plays a leading role in the 
concentrated range over 0.1 mol./I. 
Suryanarayana and Venkatesan’? have pro- 
posed that if one plotted a function In(y/7%)) 
Cy against reduced concentration C,, where 
Cy is the ratio of the mole fraction to that at 
saturation, one could probably represent the 
entire behavior except in dilute solutions. We 
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It is the linear term that makes the most predo- 
minent contribution in the dilute range. We 
analyzed its factor by the use of Broersma’s 
concept of local viscosity. From the expression 
obtained, a condition of negative viscosity was 
derived as 6 in approximation. According to 
Our interpretation, negative viscosity does not 
result from individual characters of ions of 
each electrolyte in question, but from delicate 


suppose that the breakdown in their formalism correlations between the local viscosities of 


may be essentially due to our critical pheno- neighboring hydration layers. 
menon. 
The authors are very grateful to Professor 
Summary Tatsuro Watari for his valuable and stimulat- 
The coefficients of the viscosity of con- ing discussions. They also wish to thank Mr. 


Tatsundo Hakuya warmly for his assistances 
throughout the course of this work. 


centrated aqueous solutions of 1-1 type elec- 
trolytes were measured at room temperature. 
Judging from the relationship between relative 
viscosity and concentration the electrolytes 
would be classified into two groups. One is 
normal and the other shows negative viscosity. 
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Amylose is metastable in a neutral aqueous 
solution, and tends to retrograde. In the re- 
trograded precipitates, amylose molecules take 
linear extended configurations and form well- 
ordered crystallites. It has also been well 
known that amylose can be precipitated as 
complexes having a helical configuration from 
the aqueous solutions by the addition of vari- 
ous complexing agents. Hence, it is natural 
to suppose that the configuration as well as 
the degree of aggregation of amylose molecules 
in solution can be changed, depending on the 
condition under which they are dissolved”. 
Accordingly, it may be inferred that a dilute 
aqueous solution of amylose has characteristic 
properties due to the high tendency to associate 
and the possibility of the transition among 
various probable configurations of amylose 
molecules. However, there have been very few 

* Present address The Shimane Agricultural College, 
Nogi, Matsue City, Shimane Pref. 

1) For a review, sce H. Fuwa, “Starch Chemistry ”’ 
(Denpun Kagaku), Ed. by Z. Nikuni. Asakura Syoten, 
Tokyo (1951), Chapter III. 

2) C. T. Greenwood, Adv. Carbohydrate Chem., 11, 359 
(1956). 


experiments” concerning the physicochemical 
properties of the solution. Therefore, in the 
present experiments, in order to obtain further 
knowledge of the properties of dilute aqueous 
solutions of amylose, optical rotatory power, 
viscosity and osmotic pressure of the solution 
at various temperatures have been investigated. 


Experimental 


Materials. -- Amylose was obtained from potato 
strach by a selective precipitation method with n-butyl 
alcohol and isoamyl alcohol*. This amylose was 
recrystallized twice from boiling water in the pre- 
sence of excess butanol and the resulting pure 
amylose was used in this investigation unless other- 
wise indicated. The 3-limit dextrin used was pre- 
pared from glutinous rice starch by digestion with 
soyabean 5-amylose which was given by Dr. 
Yamamoto of Osaka City University. The method 
of digestion was essentially similar to that described 


3) a) E. F. Paschall and J. F. Foster, J. Polymer Sci., 
9, 73, 85 (1952); b) J. Am. Chem. Soc., 75, 1177 (1953); c) 
J. F. Foster and E. F. Paschall, ibid., 75, 1181 (1953); d) 
W. W. Everett and J. F. Foster, ibid., 81, 3459, 3464 (1959). 

4) E. J. Wilson, T. J. Schoch and C. S. Hadson, ibid., 
65, 1380 (1943). 
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by Meyer and Bernfeld®. The j-limit dextrin ob- 
tained was found to be a 41% degraded product 
of the parent material by measuring the reducing 
power of the digested mixture. 

Optical Rotatory Power.— A Rudolph photo- 
electric polarimeter model 200 was used for the 
measurements of the dispersion of rotatory power. 
A Hitachi polarimeter having a vernier scale of 
one handredth degree, was used for the measure- 


ments of the temperature dependence of rotatory 
power with a jacketed polarimeter tube which 
enables thermoregulated water to circulate. All 


measurements were made with two-decimeter tubes. 

About 500mg. of the amylose was dispersed 
in 70ml. of 0.5M aqueous potassium hydroxide 
and allowed to stand overnight to complete the 
dispersion and then filled up to 100ml. with the 
same solvent. The solution thus obtained was 
diluted 2.5-fold either with distilled water, after 
neutralization (pH 5.4~6.0) with hydrochloric 
acid, or with the 0.5™M potassium hydroxide. The 
solutions were filtered and the filtrates were used 
for measurements. Likewise, the §-limit dextrin 
was also used. 

For the measurements of the variations of rota- 
tory power with temperature, the temperature of 
the circulating water was changed at an average 
rate of 3 degrees per 10min. The temperature of 
the solution investigated was read from a thermo- 
meter immersed in the circulating water. The tem- 
perature seemed to be controlled to +1.0°C. At 
a given constant temperature six readings were made 
and the average was taken. 

Viscosity.—-A usual Ostwald type viscometer was 
used throughout this investigation. For the solu- 
tions investigated the viscometer had flow times of 
123~27l sec. at the experimental temperatures. 
Temperature control within +0.01°C could be 
achieved by keeping a thermostated water-bath in 
an outer larger thermostat. 

The procedure used for determining the viscosities 
was as follows: The amylose solution prepared as 
described in the above section was filtered through a 
glass filter. Ten milliliters of the filtrate was pipetted 
into the viscometer which was placed in the thermo- 
regulated water-bath set at 25.0°C and allowed to 
stand for 20min. The flow time was then deter- 
mined three times and the average was taken. 
Thereafter the temperature of the water-bath was 
raised to another given temperature and after a 
further 20 min. the flow time was determined. This 
process was repeated at 5 degree intervals, until 
50.0°C. The temperature was then decreased and 
the flow time was redetermined in the same way. 
This required approximately seven hours. Another 
aliquot of the solution was allowed to stand at 
25.0-C during the period of the above experiment 
and thereafter its viscosity was also measured. 

Osmotic Pressure.—-Amylose obtained by a 
method similar to that described by Azumi and 
Nakajima® was recrystallized three times from 
water by the addition of n-butanol and the resulting 


5) K. H. Meyer and P. Bernfeld, Helv. Chim. Acta, 
23, 875 (1940). 

6) H. Azumi and T. Nakajima, Sci. Rep. Tohoku Univ., 
Series I, 36, 278 (1952). 
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pure potato amylose was used in this experiment. 
The amylose was first dissolved in 0.5 mM aqueous 


potassium hydroxide solution by stirring under 
nitrogen atmosphere for about two hours in 
a flask having a glass stopper which was then 


sealed and stored at 5.0-C fora night. This stored 
solution was then neutralized with hydrochloric 
acid and diluted with distilled water to yield 0.2m 
solution with respect to potassium chloride contain- 
ing 0.1~0.5%, amylose which was used for the 
The concentration of amylose was 
weight of the sample 


measurements. 
calculated from the dry 
dissolved. 

The osmometer employed was a modified Zimm- 
Myerson type osmometer’:®. The inner diameter 
of the measuring capillary was about 0.8mm. The 
amount of the solution required to fill the osmo- 
meter was about 9ml. Toluene was used as a pres- 
sure indicator, for the solutions examined tended 
to stick in the measuring capillary. Collodion 
membranes prepared in the manner described by 
Fuoss® could be useful in this study. 

Setting the meniscus in an appropriate position, 
the measuring apparatus was allowed to stand at a 
given temperature controlled within +0.05 C. The 
approach of the meniscus to equilibrium was 
followed by a cathetometer. The equilibrium value 
was attained within six hours in this case. The 
experimental error with regard to the equilibrium 
value was within +0.1 cm. 


Results and Discussion 


Specific rotations obtained at room tempera- 


ture at different wavelengths using solutions 
of 0.2% concentration are given in Table I. 
The rotatory dispersions of the amylose 
and the §-limit dextrin were normal. That is, 
when the reciprocal of the specific rotation 


was plotted against the square of the wave- 
length, the points lay on a straight line (Fig. 


TABLE I. 
S-LIMIT DEXTRIN AT VARIOUS WAVELENGTHS 


SPECIFIC ROTATIONS OF AMYLOSE AND 


Specific rotation 


ste Amylose §-Limit dextrin 
_ 0.2m 0.5m 0.2M 0.5m 
KCl KOH KCl KOH 
589.3 - 150.0 190.6 165.0 
577.0 196.2 156.2 197.3 73.3 
546.1 217.8 175.5 224.6 197.5 
491.6 274.9 215.6 259.4 232.5 
435.8 363.0 290.0 369.9 326.6 
404.7 428.9 343.8 430.0 381.5 
365.0 549.6 437.1 545.1 481.8 
312.6 809.9 633.4 - 


7) T. Kawai, “ Zikken Kagaku K6za ”’, Vol. 8, Maruzen 
Co., Tokyo (1956), Chapter 3 

8) T. Matsuo, High Polymers Chem. (Kédbunshi Kagaku), 
15, 640 (1958). 

9) R. M. Fuoss and D. J. Mead, 
(1943). 


J. Phys. Chem., 47, 59 
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Fig. |. The rotatory dispersions of amylose, 
A-limit dextrin and p-glucose. The date for 
p-glucose are taken from International Critical 
Table. Only for glucose, the ordinate scale 
should be read in one tenth of the presented. 
1, amylose in 0.2mM KCI; 2, amylose in 0.5m 
KOH; 3, §-limit dextrin in 0.2m KCl; 4, 
f-limit dextrin in 0.2m KOH; 5, p-glucose 
in H,O. 


1). Hence, the variation in the rotation meas- 
ured can be expressed by a single term Drude 
equation 


M/A" — de") (1) 


where [a], is the specific ruiation at a given 
wavelength, 4, and A and 4, are the rotation 
constant and the critical wavelength, respec- 
tively. A and 2 can be obtained from the slope 
and the intercept of the straight line with the 
abscissa, respectively. Their values calculated 
by the least square method are given in Table 
Il. Already determined correlations between 
rotatory properties and molecular structure 
make it apparent that optical rotatory dispersion 
is one of the best qualitative methods for 
detecting changes in configuration of very large 
optically active molecules’. Particularly, the 
helical configuration of protein and polypeptide 
could be well reflected in 4. Murakami'”? 


lala 


TABLE II. CRITICAL WAVELENGTH AND 
ROTATION CONSTANT 

Substance Solvent Ac, Myst A 

Amylose 0.2m KCl 151 60.2 
0.5mM KOH 145 48.8 

S-Limit dextrin 0.2m KCl 134 62.1 
0.5m KOH 141 54.4 

p-Glucose H.O 1418 


a) The value was calculated from the data 
given in International Critical Table. 


10) For a review, see C. Djerassi, ‘‘ Optical Rotatory 
Dispersion, Applications to Organic Chemistry ’’, McGraw 
Hill Book Co., Inc., New York (1960), Chapter 17. 
11) H. Murakami, J. Chem. Phys., 27, 1231 (1957). 
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pointed out from a theoretical viewpoint that 
the helical structure in which many identical 
groups are asymmetrically arranged shifts ap- 
parently an original 2, corresponding to random 
structure towards longer wavelengths. Hence, 
it may be considered that amylose taking a 
helical configuration should possess a distinc- 
tively different 4. from that of amylose which 
has no helical configuration. All of the 4, 
found for the amylose and the §-limit dextrin 
in the two solvents are in close agreement 
with each other. It seems that the §-limit 
dextrin never takes a helical configuration be- 
cause of its highly branched structure”. More- 
over, D-glucose has also a nearly equal 24, as 
can be seen in Fig. | and Table II. Wolff et 
al.'*? also gave 147 my for 4 of corn amylose in 
1M potassium hydroxide, though they obtained 
103 mz for corn amylopectin. Hence, it can 
be stated that the wavelength near 140 my is 
an intrinsic 4. for p-glucopyranose residue, and 
the amylose in the two solvents at room tem- 
perature does not take a well-oriented helical 
configuration. Although there are some pos- 
sibilities that right handed and left handed 
helices exist in the same amount, this seems 
to be rather rare. 
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Fig. 2. The temperature dependences of specific 
rotations: 1, 0.2% amylose in 0.2M KCI; 
2, 0.2% amylose in 0.5mM KOH; 3, 0.2% §- 
limit dextrin in 0.2M KCl; 4, 0.2% §-limit 


dextrin in 0.5mM KOH. 


Figure 2 shows temperature dependence of 
the specific rotations of the amylose and 3- 
limit dextrin in the two solvents at a wave- 
length S89myr (Na-D line). Although the 
rotation of the amylose in 0.2M_ potassium 


12) I. A. Wolff. P. R. Watson and C. E. Rist, J. Am 
Chem. Soc., 74, 3064 (1952). 


September, 1961] 


chloride solution is considerably larger than 
that of the amylose in 0.5 M potassium hydrox- 
ide at 25°C, the former approaches the latter 
with increasing temperature, having a large 
temperature coefficient of negative sign. The 
rate of the change of the specific rotation is 
-1.4°/°C in the region of the most rapid change, 
which is unusually large compared with those 
of carbohydrates of low molecular weight; for 
example, sucrose has the rate ~0.01°/-C' 

Changing temperature can affect the optical 
rotation in four possible ways: 1) Configu- 
ration of the chain of amylose might change, 
namely, the helix-coil transition might occur. 
This was seen in cases of proteins and poly- 
peptides’. 2) Ring conformation of gluco- 
pyranose residue might differ. Reeves’? con- 
sidered that the different specific rotations of 
corn amyloses in neutral aqueous solution and 
alkaline solution may be ascribed to different 
conformations of their glucopyranose rings, that 
is, Bl may be the conformation in neutral solu- 
tion and 3B in alkaline solution (the symbols 
follow Reeves’ convention). 3) The vicinal 
action of solvent might change’. This generally 
decreases with increasing temperature. 4) 
Hindrance to free rotation around bond axis 
might change. This would change axial sym- 
metry. 

Among these possibilities, the first is un- 
likely, since the §-limit dextrin also shows 
qualitatively the same behavior as to tempera- 
ture dependence as the amylose does (Fig. 2). 
In addition, the specific rotation at the higher 
temperature is close to that of a-p-glucose, 
which may suggest no contribution due to the 
helical structure to the rotation at the higher 
temperature. The second and the third pos- 
sibilities are not clear at present. However, 
judging from the small temperature coefficients 
of the rotations of the carbohydrates having 
low molecular weights, the possibilities appear 
to be unimportant. Even if the transition 
between the two ring conformations men- 
tioned above occurs, that would not explain 
the whole change of the rotation without other 
causes, Since the rotation in neutral solution 
(corresponding to Bl) becomes smaller than 
that in alkaline solution at room temperature 
(corresponding to 3B) with increasing tempera- 
ture. The fourth seems to be most important 
in the present case. According to Kauzmann 
and Eyring’, those influences which tend to 
restrict freedom of orientation about bonds 


«connecting groups to the asymmetric carbon 


13) T. R. P. Gibb, Jr., “‘Optical Methods of Chemical 
Analysis’, McGraw Hill Book Co., Inc., New York (1942), 
Chapter 8. 

14) R. E. Reeves, J. Am. Chem. Soc., 76, 4595 (1954). 

15) W. Kauzmann and H. Eyring, J. Chem. Phys., 9, 41 
. (1941). 
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atom will tend to increase the order of mag- 
nitude of the optical activity, causing the first 
order contribution defined by them. At the 
lower temperature, the ability of free rotation 
around bonds such as C-O-C, C-OH and 
C-CH.-OH in amylose molecule seems to be 
strongly hindered owing to hydrogen bonds 
occurring between hydroxyl groups which come 
close to each other. This will lead to the 
higher rotation due to the first order contri- 
bution. With increase in temperature, the 
hydrogen bonds will be more or less ruptured 
and the free rotation will become easier. This 
process must also be taken into consideration 
in order to explain the anomalous behavior of 
viscosity of amylose, as can be seen later. Con- 
sequently, the lower rotation of amylose at 
the higher temperature may be ascribed to the 
vanishing of the first order contribution. 
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Fig. 3. The variations of specific rotation, 


[a]s77, and partial specific volume, 72, of amy- 
lose in 0.5M KOH with change in the con- 
centration of amylose. [a@];;; was measured 


by the Rudolph photoelectric polarimeter. 


In Fig. 3 the variation of the specific rotation 
with that of partial specific volume which was 
found by Yoshikawa’? by measuring density 
of amylose solution, is shown. Although the 
experimental error increases as the concentra- 
tion becomes lower, it may be said that both 
the specific rotation and the partial specific 
volume sharply alter with decreasing concentra- 
tion in the region of low concentration below 
0.1%. These facts seem to be explained by 
the decrease of segment-segment interaction 
with decreasing concentration, and support the 
authors’ opinion concerning the temperature 
dependence of the rotatory power. 

From the point of view given above, it may 
be suggested that the large rotation of the {- 
limit dextrin compared with that of amylose 
would arise from the inability of free rotation 
around the bonds between carbon 5 and carbon 
6 at branch points in the §-limit dextrin; 
besides, the highly branching structure would 


16) Y. Yoshikawa, Dissertation for Degree of Master, 
College of Agriculture, Univ. of Osaka Prefecture (1958). 
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increase segment-segment interaction occurring 
inside the molecule. On the contrary, in amy- 
lose which has no branch point, all of the 
bonds between carbon 5 and carbon 6 can 
rotate freely unless the hydrogen bond at carbon 
6 is formed with another segment which comes 
into contact with it. The well known fact that 
amylopectin shows a greater rotation than that 
of amylose may be explained by the same con- 
sideration. 

As for the viscosity, its change may be 
qualitatively parallel with that of the rotation. 
Figures 4 and 5 show the variations of the 
reduced viscosities of 0.2% amylose in 0.2M 
potassium chloride and 0.5 mM potassium hydrox- 
ide, respectively. Arrows marked on the 
curves in these figures indicate directions of 
the temperature change. Cross marks in the 
figures represent viscosities of the samples 
allowed to stand at 25.0°C for seven hours. 
It can be seen in these figures that the reduced 
viscosities in the two solvents decrease with 
increase in temperature, independent of the 
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5. The variation of reduced viscosity of 


Fig. 
0.2%. amylose in 0.5 M KOH with temperature. 


nature of the solvents used. In a_ poor 
solvent, the intrinsic viscosity should increase 
with increasing temperature, according to the 
theory of viscosity. Flory!” gave the following 
expression for intrinsic viscosity of polymer, 
assuming a random coil configuration. 


[7] =O(F.?/M)?”?M' a3 (2) 
a —a=2Cy¢d,(1—0/T)M (3) 
7] 0,7 gy, (4) 


where meanings of the letters are the same as 
those given by Flory. Although a change in 
temperature may affect the intrinsic viscosity 
through alteration of both (%,?/M) and a 
occurring in Eq. 2, the change of the latter of 
these factors is likely to be dominant ina 
usual case. In a poor solvent, where both x; 
and «, generally are positive, @ also will be 
positive, while negative «; and positive ¢; in 
a good solvent will result in a negative @. 
Consequently, in general, the intrinsic viscosity 
of polymer in a poor solvent should increase 
with increasing temperature, since a should 
increase with increasing temperature according 
to Eq. 3. The increase of a should be most 
rapid in the immediate vicinity of T=@. 

The viscosity of the amylose even in the 
aqueous potassium chloride solution, which is 
a poor solvent having a @-temperature of 
25°C*, decreases with increase in temperature, 
though the reduced viscosity instead of the 
intrinsic viscosity is dealt with. The anomalous 
behavior of the viscosity should be accounted 
for by assuming that (*)?/M) of the amylose 
displays an unusually rapid alteration with 
temperature. /7)° is modified by hindrance to 
free rotation around bond linking monomers, 
being greater with increase in the restriction. 
It is probable that the free rotation around 
glycosidic bond is strongly hindered by hydro- 
gen bondings between segments through many 
hydroxyl groups of amylose. With increasing 
temperature, these hydrogen bonds will be 
ruptured and the restriction will decrease, 
which in turn will result in the decrease of 
ro’. That is, the flexibility of the amylose 
chain seems to be considerably increased with 
increasing temperature through the decrease of 
the degree of the hydrogen bonding. 

In the potassium hydroxide solution the 
possibility of the degradation of the amylose 
due to oxidation might be considered ; however, 
in the potassium chloride solution the possibil- 
ity can be ruled out’. Figure 4 shows that 
the solution recooled to 25.0°C does not com- 
pletely recover its viscosity, and the viscosity 


17) P. J. Flory, ‘Principles of Polymer Chemistry ”’, 
Cornell Univ. Press, Ithaca, New York (1953), Chapter 14. 
18) J. F. Foster and E. F. Paschall, J. Am. Chem. Soc., 
74, 2105 (1952). 
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of the solution after aging at 25°C is lower 
than that of the solution before aging. These 
facts may probably arise from the metastability 
of the amylose solutions having a tendency to 
retrograde. Possibly the change of the state 
of the amylose including hydrogen bonding 
cannot be completely reversible. 
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Fig. 6. <=/c ratio plotted against concentration 


of amylose in 0.2m KCI: 1, at 25°C; 2, at 
35°C. The vertical lines drawn represent the 
ranges of experimental error. 


In Fig. 6, the ratio of the osmotic pressure 
to the concentration of the amylose, =z/c, is 
plotted agairst the concentration, c. The 
vertical lines drawn in the figure represent the 
ranges of experimental error. The results of 
the osmotic measurements are not satisfactory 
because the experimental error is relatively great 
compared with the observed osmotic pressure. 
It may be, however, stated from Fig. 6 that 
osmotic pressure at 35-C is greater than that at 
25°C, and the initial slopes of the curves of 
z/c~c plot are negative. These facts seem to 
indicate that a significant amount of association 
of amylose occurs in the solutions examined. 
The amount may decrease with increase in 
temperature, and also decrease with decrease 
in concentration. It should be considered that 
the solutions used by Everett and Foster*”? (solu- 
tions of amylose in aqueous potassium chloride, 
aqueous potassium hydroxide and dimethyl 
sulfoxide) to investigate molecular configura- 
tion of amylose in solution, are by no means 
molecularly dispersed solutions, judging from 
the above results. Therefore, their conclusion 
concerning the molecular configuration should 
not be accepted without modification. 

Thus it may be said that all of the anomal- 
ous phenomena observed, indicate that hydrogen 
bonding plays a significant role in the proper- 
ties of the dilute aqueous amylose solutions 
used in these experiments just as in those of 


19) G. V. Caeser, ‘“* Chemistry and Industry of Starch”’, 
Ed. by R. W. Kerr, Academic Press, Inc., New York 
(1950), Chapter 9. 
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more concentrated solutions or pastes’. In 
other words, any interpretation of the behavior 
of amylose aqueous solutions may be impos- 
sible without postulating hydrogen bondings, 
even in the case of such dilute solutions as 
0.1% or so. At present, however, it is un- 
fortunate that intermolecular and intramolecu- 
lar hydrogen bondings can not be distinguished 
with respect to their effects acting on the de- 
scribed properties of the solution except in the 
case of osmotic pressure. The osmotic meas- 
urements may show the existence of the inter- 
molecular hydrogen bondings. However, it 
seems natural to suppose that the intramo- 
lecular hydrogen bondings also exist and have 
great influence on the properties of the solution 
together with intermolecular hydrogen bondings. 

As already stated above, the well-oriented 
helix of the amylose in the neutral aqueous 
solution can be excluded. However, the pos- 
sibility of the existence of the deformed helix 
of amylose suggested by Holl6 and Szejtli*”? 
remains uncertain, and it seems worth while 
to reconsider this problem. According to them, 
the viscosity of acid solution of amylose is un- 
changed by the addition of iodine, as far as 
the added iodine is taken up to form the com- 
plex. Only when excess iodine is added, is 
the viscosity changed. If the configuration 
were substantially altered by the addition of 
iodine, it would affect the viscosity of the 
solution. Therefore keeping in mind the 
helical configuration in amylose-iodine com- 
plexes, the configuration of amylose in the 
solution should not be supposed to be substan- 
tially different from the helical configuration. 
The amylose in the neutral aqueous solutions 
may be permitted to take the deformed helical 
configuration, if it is assumed that the de- 
formed helix has no contribution to the optical 
rotation. In the previous paper’, the present 
authors suggested that the vanishing of the 
blue color of amylose-iodine complex at high 
temperature (70°C or so) appears to be ascribed 
to the random configuration of the amylose 
molecules. Considering these facts with the 
ease of the amylose-iodine reaction at room 
temperature, it seems probable that the amylose 
in neutral solution at room temperature may 
take the configuration of the deformed helix, 
which may easily be transformed into the 
well-oriented helix, rather than take a quite 
disordered random configuration. The de- 
formed helical molecules appear to be more 
disordered with increasing temperature. Ac- 
cordingly, the helical configuration of amylose 
in the solution at higher temperature may be 


20) J. Hollé and J. Szejtli, Periodica Polytechnica, 1, 223 
(1957) ; 2, 25 (1958); Die Starke, 10, 49 (1958). 
21) T. Kuge and S. Ono, This Bulletin, 33, 1273 (1960). 
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more unreasonable than that at lower tem- 
perature. 

Although Everett and Foster*’? suggested a 
random coil configuration of amylose in aque- 
ous neutral solutions from the studies of 
viscosity and light scattering, their results 
should be reconsidered, taking the above stated 
high degree of molecular association of amy- 
lose into account. If we assume the high 
degree of association of molecules having some 
flexibility, it may be reasonably supposed that 
the molecules must behave as a random coil in 
appearance, since a real polymer chain that is 
restricted in free rotation may be approximated 
by an equivalent freely jointed chain’. As- 
sociated amylose molecules, as a whole, may 
be statistically equivalent to a random coil 
polymer having great molecular weight. 

As a consequence, the most probable con- 
figuration of amylose molecules dissolved in 
neutral aqueous solutions at room temperature, 
seems to be associated deformed helix which 
is tentatively drawn in Fig. 7. 





Supposed configuration of amylose mole- 


Fig. 7. 
cules dissolved in aqueous solutions. Dot 
drawn represents the end of molecule. The 
length of chain corresponding to each mole- 
cule is conveniently drawn to be shorter 
than that of real molecule. 


It should be noted that amylose is metastable 
in neutral aqueous solutions. Hence, the sup- 
posed configuration drawn in Fig. 7, which 
seems to correspond to “native aggregate” 
proposed by Paschall and Foster*?, is a metast- 
able form and then may be stabilized by retro- 
gradation (phase separation). Paschall and 
Foster also found that the native aggregate can 
not retrograde at room temperature without 
first undergoing at least partial disaggregation, 
and the disaggregation continues along with 
retrogradation. Therefore, the linear extended 
configuration of amylose seems to be formed 
only when retrogradation (crystallization) 
takes place. Consequently, the following scheme 
for molecular configuration change of amylose 
in aqueous solution may be proposed ; 


22) P. J. Flory, “Principles of Polymer Chemistry”, 
Cornell Univ. Press, Ithaca, New York (1953), p. 411 
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more disordered molecules 
(at higher temperature) 


associated deformed helices 


+complexing agent (iodine) retrogradation 

aggregated helical aggregated linear 
complexes chain 
(precipitate) (precipitate) 


Summary 


Optical rotatory power, viscosity and osmotic 
pressure of dilute aqueous solutions of amylose 
have been studied. Optical rotatory dispersions 
of amylose and j-limit dextrin in 0.2m potas- 
sium chloride and 0.5M potassium hydroxide 
are normal and can be well expressed by a 
single term Drude equation. All of the Z, 
obtained from the analysis of the dispersion 
curves are close to 140 my/ which may be con- 
sidered as a characteristic value of glucopyranose 
residue. This seems to indicate that there is 
no well-oriented helix of amylose in the solu- 
tions. With increasing temperature, the optical 
rotations of amylose and j-limit dextrin de- 
crease. Amylose, especially in a neutral aque- 
ous solution, has an unusually great tempera- 
ture coefficient of specific rotation amounting 
to 1.4°/-C as the largest value. Parallel 
with this change, the viscosities of the amylose 
solutions decrease with increasing temperature. 
These results seem to be well explained by 
assuming that the flexibility of amylose mole- 
cules is considerably influenced by temperature 
through the change of the degree of hydrogen 
bonding between segments of the molecules. 
Osmotic measurements have given evidence to 
prove the occurrance of the association of 
amylose molecules in the solution examined. 
The degree of the association has been found 
to decrease with increasing temperature. These 
facts indicate that hydrogen bonding plays a 
significant role in the properties of the dilute 
aqueous solution. 

The molecular configuration of amylose in 
aqueous solutions has been discussed. It seems 
to be most probable that amylose molecules 
in the solutions take the configuration of de- 
formed helix, and associate highly with each 
other. No linear extended configuration is 
possible. The figure of the supposed configu- 
ration is drawn. 
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For the full understanding of thermody- 
namical properties of binary systems, it seems 
to be very important to know about the 
relation between the termodynamical properties 
of binary systems and the structure of the 
constituent molecules. 

The accumlation of this knowledge may 
contribute not only to the development of the 
theory of solutions but also to the application 
of it to practical purposes. To see how the 
dipole moment of polar molecules affects the 
thermodynamical properties of binary systems 
containing them, the measurements of heats of 
mixing for binary solutions consisting of polar 
and non-polar liquids were attempted. 

The main obstacles which prevent’ the 
systematic study of heats of mixing for a large 
number of binary systems of non-electrolytes 
have been the difficulty, and the laboriousness, 
of the precise measurement of the small 
amount of heat evolved or absorbed on mixing 
two kinds of liquids of non-electrolytes. 

Therefore, in designing a calorimeter the 
following points are taken into account. 

1) Ease of the measurement, particularly 
the shortening of the time required for one 
measurement by an economical use of waiting 
time. It is essentially necessary to perform a 
large number of measurements in a short time. 

2) Saving of the amounts of the samples 
required for each measurement. 

3) Elimination of the errors due to evapo- 
ration or condensation of the components on 
mixing. 

4) Durability for continuous operation of 
the thermostat for a long period. 

By bearing the above points in mind, a 


Present adress Government Industrial Research 
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semi-automatic microcalorimeter 
following features is constructed. 

1) Five removable mixing vessels are at- 
tached to the calorimeter. They can be fitted 
to or removed from the calorimeter from the 
outside of the calorimeter chamber without 
seriously affecting its thermal equilibrium. 
This device cuts down the time required for 
the calorimeter to reach thermal equilibrium, 
after which the next measurement can be 
carried out, and hence is capable of shortening 
the waiting time required for each measure- 
ment. 

2) An automatic measurement of the inte- 
grated time from 10~* to 100 sec. during which 
the electrical current is passed through the 
calorimeter heater is carried Out with an elec- 
tronic counter, a gate circuit and a standard 
crystal oscillator. 

3) An automatic thermal compensation is 
possible when the system is endothermic. 

4) The quantities of samples required for 
each measurement are less than I cc. for each 


with the 


component. 
5) The vapor phase is completely elimi- 
nated. This eliminates the error due to evapo- 


ration or condensation of the components. 


Principle of the Construction 
of the Apparatus 


The whole apparatus consists of a thermo- 
stat, a calorimeter, a thermister resistance 
thermometer, an automatic thermal compen- 


sation circuit composed the of constant current 
supply for the calorimeter heater and a relay 
circuit which exchange connection of a constant 
current supply from a dummy heater to the 
calorimeter heater, the automatic time measur- 
ing apparatus consisting of an_ electronic 
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Fig. 1. Block diagram of the apparatus. 


counter and the standard crystal oscillator and 
the gate, and a potentiometer for measuring 
the electric current of the calorimeter heater. 
The block diagram of the whole apparatus is 
shown in Fig. 1. The principle of the oper- 
ation is as follows. 

When the endothermic change occurs in the 
calorimeter, the signal from the thermometer 
is amplified by the vacuum tube amplifier and 
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against time and the temperature change is 
referred to that caused by feeding a known 
amount of electrical energy. 
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The Details of the Apparatus 
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The Calorimeter. — The calorimeter consists Fig. 2. Calorimeter. 


of the mixing vessel holder rotatable around 


a ie A: Mixing vessel holder F: Mixing vessel 
the horizontal axis, the removable mixing B: Bearing G: Bebel gear 
vessels, and the mixing vessel container. All C: Brass chamber H: Handle 
of these are contained in the calorimeter D: Dewer vessel I: Lid 

B: 


chamber which consists of a _ liquid-tight Mixing vessel container J: Rubber packing 
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cylindrical brass chamber with a large Dewer 
vessel in it. By this calorimeter a_ large 
number of measurements can be made without 
much labor. The calorimeter from which the 
mixing vessel is taken away is shown in Fig. 2. 

Inside the holder, the removable mixing 
vessel is just fitted. This can be placed or 
removed the by use of a long bakelite rod. 
The mixing procedure is to make the holder 
upside down by turning it around the pivot P 
through the manipulation of the handle from 
the outside of the calorimeter chamber. 

The Mixing Vessel Holder. — The mixing 
vessel holder is shown in Fig. 3. A is the 


GN } > 








Fig. 3. Mixing vessel holder. 


A: Brass v-ssel G: Iron pin 

B: Spacer H: Heater 

C: Copper plate 1: String 

D: Foam styrene P: Bakelite pivot 
E: Rubber cap T: Thermister 
F: Small hole 


mixing vessel holder made of a brass cylinder 
closed at one end and equipped with the pivot 
P. The cylinder is 3cm. in inner diameter, 
3.4cm. in outer diameter, and 3.3 cm. in height. 
Around the outside wall of the cylinder, the 
calorimeter heater H of double silk covered 
manganin wire was wound non-inductively, 
and was fixed by Araldite resin. The resistance 
of the manganin wire is 45.850 ©. The outside 
of the bottom wall of the mixing vessel holder 
is equipped with a thermister T of about 
100 kQ in resistance at 25°C. The thermister 
is enclosed in a thin polyvinyl chloride tube 
and sandwiched between the bottom of the 
holder and the cupper plate with a brass plate 
spacer of 2mm. thickness with a slot, into 
which the thermister is just fitted, in order 
that the thermister may not be crushed. 
The pivot P, made of bakelite for thermal 
insulation, is fixed to the holder by a male 
screw extruding from the wall of the holder. 

The pivot P is held by a bearing. The 
holder can be rotated around the pivot P 
through a bebel gear by rotating the pivot P 
with the handle outside the calorimeter 
chamber. 
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The leads of the thermister and the calori- 
meter heater are passed through the small 
holes bored along the axis of the pivot P and 
are drawn from the one end of the pivot P in 
order not to be entangled by the turning over 
of the holder. 

The outside of the holder is all covered by 
foam styrene for thermal insulation. 

The Container for the Mixing Vessels. In 
a large space of the Dewer vessel, there is the 
mixing vessel container E which can contain 
four mixing vessels. The five mixing vessels 
filled with liquid samples to be mixed, are 
introduced into the calorimeter at one time. 
One of the five is held in the mixing vessel 
holder, and the other four are held in the 
mixing vessel container. When one measure- 
ment is finished, the mixing vessel in the holder 
is taken out of the calorimeter chamber and 
the one in the container is placed into the 
mixing vessel holder within the calorimeter 
chamber by the long bakelite rod without 
affecting the thermal equilibrium inside it. 

The Mixing Vessel. The mixing vessel is 
shown in Fig. 4. The mixing vessel consists 
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Fig. 4. Cross section and upper side view 
of the mixing vessel. 


Iron vessel F: Male screw 

Glass bells G: Iron pin 
Polyethylene sheet H: Spring steel plates 
Washer l,l: Liquid 1 and 2 
Nut 
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of an iron vessel A and a lid L which are 
tightly fitted to each other by a screw, and 
two glass bells B fixed together by araldite 
resin. To make the vessel liquid-tight, a round 
sheet of polyethylene packing, 0.3mm. in 
thickness, is placed between the vessel and the 
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Ry: 1MQ R,: 100KQ 
Re: 1MQ VR: 3KQ 
R,: LOOK M: Meter relay 
lid. The mixing vessel is a cylindrical iron 
vessel 2.6cm. in inner diameter, 3.2cm. in 
outer diameter and 3.l1cm. in height. The 


vessel is filled with mercury and then the two 
kinds of liquid to be mixed are introduced 
into two glass bells by two syringes, one for 
each liquid; therefore they are confined above 
the mercury separately. 

To prevent the bells from being raised above 
the surface of the mercury by bouyancy when 
the liquids are introduced into them, two 
spring steel plates the length of each being a 
little longer than the inner diameter of the 
iron vessel, are stuck to the inner wall of the 
vessel by their restoring force across the 
diameter of the vessel and the bells are clamped 
by them. 

The syringe used in introducing the liquid 
into the bell is the usual one modified by 
attaching a driver and by bending the 
end of the needle. 

The upper side of the lid is equipped 
a male screw and a nut. 

The male screw is used when the mixing 
vessel is placed into, or is removed from the 
holder from the outside of the calorimeter 
chamber by the long bakelite rod, at the one 
end of which there is a female screw just fitted 


screw 


with 


to the male screw. The nut clamps the iron 
pin which prevents the mixing vessel from 
falling down out of the holder when it is 


turned upside down. 

Through the upper part of the wall of the 
holder a small hole is bored, into which the 
pin at the upper side of the mixing vessel is 
put (see Fig. 3). 

Before placing the mixing vessel into the 
holder, the iron pin is loosely held between 
the nut and the upper side of the lid. When 
the vessel is put into the holder, the end of 
the pin is guided into the hole above mentioned 
by a small piece of permanent magnet, held 
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Electrical circuit of automatic thermal compensation. 


>: 
H: 
ibe 


Micro switch L: Neon lamp 
Calorimeter heater V;: 1/2 6SN7 

Dummy heater V.: TY66G 

at the other end of the long bakelite rod 
described above, and then the nut is screwed 


by a nut driver from the outside of the calori- 
meter chamber. After these procedures have 
been finished, the upper side of the mixing 
vessel is covered with a foam-stylene lid. The 
lid is fixed to the mixing vessel by fitting a 
rubber cap put at the center of the lid to the 
top of the male screw attached to the lid of 
the mixing vessel. The rubber cap prevents 
the foam styrene lid from falling off when the 
vessel holder is turned. Thus all sides of the 
calorimeter are covered by foam styrene, and 
good thermal insulation is assured. The inside 
of the calorimeter chamber can be illuminated 
by a miniature lamp in order that these pro- 
cedures can be performed with ease. 

The Thermometer.—-The thermometer bridge, 
the converter and the thermister resistance 
thermometer are the same as those described 
in the previous paper The amplifier is also 
similar to that previously described except that 
the first stage vacuum tube 6SH7 is replaced 
by 12AT7 tube in which the two triode plate 


load resistors are wire wound resistors of 
100kQ. By the use of the wire wound 
resister as the plate load, the excess noise is 


reduced and the signal to noise ratio is raised 
about three times higher than before. 

The Electrical Circuit for the Automatic 
Thermal Compensation. — The electrical circuit 
for the automatic thermal compensation consists 
of the constant current supply, the dummy 
heater, the calorimeter heater, and the relay 
which converts the connection of the constant 
current supply from the dummy heater to the 
calorimeter heater by a lowering of the 
temperature of the calorimeter. 

The electrical circuit is shown in Fig. 5. 

The output of the phase sensitive detector 


1) K. Amaya and R This 270 


(1956) 
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Fig. 6. The electrical circuit of the oscillator and the gate. 
R;: 100 kQ Rg: 150kQ C,;: 250 pF C,: 250 pF VR: 3kQ 
Rs: 20kQ Ryo: 50kQ C.: 0.01 #F Cio: 0.001 «F H: Calorimeter heater 
R;: 1kQ Ru: 100kQ Cy: 0.1 4 F Cu: 0.1 «F H': Dummy heater 
Ry: 20kQ Rio: 100 kQ C;: 250 pF Ciz: 0.001 ”F Ti: Blocking trans 
R;: 500 kQ Ris: 150k C;: 250 pF Vi, Ve: 1/2-5692 
Re: 1kQ Rig: 1kQ Ce: 0.1 #F V3, Va: 1/2-6SN7 
R:: 30kQ Ris: 20kQ C;: 250 pF V;: 6AS6 
Rs: 50kQ Rie: 100 kQ C;: 1 #F Q: 100kc. crystal 


of the thermometer amplifier is fed to a meter 
relay with sensitivity of 200 “A. When the 
needle of the meter relay touches the one 
contact point, the grid of the 1/2-6SN7 tube 
is connected to high potential through a neon 
discharge tube and the increased plate current 
operates the microswitch B and changes the 
path of electric current from the dummy heater 
to the calorimeter heater. This operation 
occurs when tlie temperature of the calorimeter 
changes by about 10°'-C. 

A standard 102 resistor is connected in a 
series with both the dummy and the calori- 
meter heater. The current which passes through 
the calorimeter heater is obtained by measur- 
ing the electric potential across the 102 
standard resistor with the potentiometer. The 
constant current supply is a heavy duty battery 
of 6 V. terminal voltage. 

The terminal of the microswitch which is 
connected to the calorimeter heater has a lead 
to the grid of the gate tube, and when the 
switch operates, the potential of 6 V. is applied 
to the grid of the gate tube. R and R’ are 
pairs of resistors having the same resistance 
and are connected in series with the calori- 
meter and the dummy heater respectively. By 
changing the position of the arm of the rotary 
switch, the total resistance of R and R’ is 
changed, with the resistance kept equal to each 
other and thereby the current is adjusted from 
about 15 mA to 120mA in five steps. 

The dummy heater is the resistor having an 
almost equal value of resistance to the calori- 
meter heater. Before starting the experiment, 
the current is passed through the dummy 
heater and the battery is made to be at a 
steady state. By the operation of the switch, 


the total load is nearly the same and the 
steady state is not disturbed. 
The Time Measuring Apparatus.—It consists 


of the standard 10 kc. oscillator with the gate 
circuit and the six decade electronic counter. 
The electrical circuits of the former is shown 
in Fig. 6. 

The standard 10 ke. oscillator is a blocking 
oscillator synchronized by the standard 100 ke. 
crystal oscillator. The frequency of the 100 kc. 
crystal oscillator is not corrected by the 
standard frequency. The gate tube is a 6AS6 
tube. The 10kc. signals from the blocking 
oscillator are fed to the third grid of the 6AS6 
tube. When no voltage is applied to the first 
grid of 6AS6, a 10 kc. signal sufficiently large 
to operate the counter is not produced across 
the plate load resistor of the 6AS6 tube. But, 
when the gate signal of 6 V. is applied to the 
first grid of 6AS6, the 10 ke. signal, sufficiently 


large to operate the counter, comes out. This 
operation follows in an instant when the 
electric current from the constant current 


supply is passed through the calorimeter heater. 
and so there occurs no delay. By this 
tronic device, the errors otherwise introduced, 
of individual persons caused by delay of 
pushing stop watches or a delay caused by the 
mechanical inertia of electromagnetic switches, 
are completely eliminated. 

The six decade electronic counter is made 
of six discharge tube type decatrons of multi- 
Output type manufactured by Japan Radio 
Communication Co. For the first stage a single 
pulse decatron is used which responds to 
signals of up to 20 kc./sec., and the other five 
are the double pulse decatrons which respond 
only to signals of up to 5 kc. sec. 

By this counter the integral time from 10 
to 100sec. can be measured with an error of 
+10-‘sec. multiplied by the number of opera- 
tions of the gate circuit. 

The counter is also able to pass electrical 
current through the calorimeter heater for a 


elec- 
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pre-determined time from 0 to 100sec. in steps 
of 10°’sec. But between the actual time and 
that pre-determined there is a difference of 
3x10~*sec. due to the mechanical inertia of 
the mechanical switch system. 

The device stated above is convenient for 
supplying a known amount of electrical energy 
to the calorimeter. 

The Thermostat. The thermostat and the 
regulator are practically the same as those 
described previously. The only improvement 
is the replacement of the leather belt-pulley 
type stirrer with the V-belt gear driven one 
by which the continuous operation for about 
three months was made possible. 

The temperature of the thermostat was kept 
constant within 10-*-C at 25+0.1°C. 


Procedures 


Filling of the Bells with the Samples. — The 
mixing vessel with two glass bells in it is 
immersed into a pool of mercury and is turned 
two or three times in order to exclude the 
air in the bells and fill them completely with 
mercury. 

Making sure that no air remains in the 
bells, the two kinds of liquid to be mixed are 
introduced into each of the twu bells by two 
syringes one for each component. 

The quantity of the liquid introduced is 
determined by weighing the difference of the 
weight of the syringe by a chemical balance 
to 0.5Smg. before and after introducing the 
liquids into the bells. 

After the liquids are introduced into the 
bells, mercury is poured into the vessel until 
the mercury overflows the edge of the mixing 
vessel. 

Then the round sheet of polyethylene, the 
size of which is sufficient to cover the whole 
cross section of the mixing vessel, is placed 
over the surface of the mercury in the mixing 
vessel. Making sure that no air exists between 
mercury and the sheet of polyethylene, the lid 
of the mixing vessel is put on it and is tightly 
screwed. 

Similar procedures are carried out for the 
other four mixing vessels containing the same 
kinds of liquid but of different ratios. The 
amount of the liquids taken is so chosen that 
the concentration of the resultant mixture is 
made about 10, 30, 50, 70 and 90% in voluo. 

The Measurement of the Temperature Change 
on Mixing.-. The five mixing vessels filled with 
the sample are introduced into the calorimeter 
chamber, which is immersed into the thermo- 
stat, and one of the five into the mixing vessel 
container. Then the end of a pin on the lid 
of the mixing vessel placed in the mixing 
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vessel holder is guided to the hole of the 
mixing vessel holder and tightly clamped. 
Then the foam styrene lid is fixed over it. 
They are then left over night. 

After thermal equilibrium is attained, the 
resistance of the thermister is read every minute 
and then the liquids are mixed. The mixing is 
performed by rotating the mixing vessel holder 
by 180°C, and then by rocking it within a small 
angle for several times with the handle, from 
the outside of the calorimeter chamber. Before 
mixing, the battery for the constant current 
supply to the calorimeter heater is connected 
to the dummy heater in order to keep it in a 
steady state. 

When the heat of mixing is endothermic, 
the thermal compensation takes place auto- 
matically. In this case the current passes 
through the calorimeter heater intermittently 
from two to four times according to the rate 
of heat evolution and to the magnitude of 
electric current passed, until the heat absorbed 
is nearely compensated for. Then the operation 
of the automatic thermal compensation circuit 
is stopped and the resistance of the thermister 
is read every minute for 15 to 20min. by 
manually adjusting the resistance box of the 
thermometer bridge so as to make the output 
of the phase sensitive detector null. 

The current which has passed through the 
calorimeter heater is measured to a fraction 
of second desimals of mA within the interval 
during which the thermal compensation oper- 
ates and the current is passed through the 
calorimeter heater. 

The integrated time during which the current 
is passed through is automatically registered 
on the electronic counter. Then the known 
small amount of electrical energy is supplied 
to the calorimeter to evaluate the part of the 
heat not perfectly compensated. And again 
the values of resistance are read for 15 to 20 
min. to construct a resistance-time curve. 

When the heat of mixing is exothermic, 
automatic thermal compensation is impossible. 
In this case the resistance of the thermister 
is read for 15 to 20 min. after mixing and the 
resistance-time curve is constructed. Then 
again a known amount of electrical energy 
which is nearly equal to the heat evolved on 
mixing is supplied to the calorimeter and the 
resistance-time curve is constructed in a way 
similar to what was done before. 

Calculation of the Heats Evolved or Absorbed 
by the Use of Resistance-time Curves.— Typical 
plots of resistance versus time for endothermic 
heat of mixing with automatic thermal compen- 
sation are shown in Fig. 7. 

Within the intervals during which the auto- 
matic thermal compensation circuit is in 
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Fig. 7. Typical resistance vs. time curve 
for endothermic heat of mixing with 
automatic thermal compensation. 

operation, the resistance of the thermister 


cannot be measured. The dotted line in the 
figure shows the plot that would be expected 
if it were actually made. 

As the plots of resistance versus time after 
the thermal compensation ceases to operate 
are almost linear, it is extrapolated linearly to 
the time when the mixing was done. 

This change of resistance, corresponding to 
the net change after mixing and the thermal 
compensation is denoted by JR, and the total 
electrical energy supplied by thermal compen- 
sation by Q:, and the change of resistance 
after supplying a known amount of electrical 
energy Q» is denoted by JR», which is obtained 
by the similar procedure. The change of 
temperature is very small and the JR, and 
4R, is assumed to be proportional to the 
corresponding temperature change 47; and 
AT,. Then the heat of mixing Q» is given by 


Qm=Q:—4R:/IR>-Q> 


Typical plots of resistance versus time for 
the exothermic change, are shown in Fig. 8. 
In this case the change of resistance on mixing 
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Fig. 8. Typical resistance vs. time curve 


for exothermic heat of mixing. 
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4Rm is obtained by linear extrapolation of the 
plots of resistance-versus time as described 
above. If the change of resistance due to the 
supply of a known amount of electrical energy 
Q; be IR;, the heat of mixing for this case is 
given by, 


Om =IRm/IR;-Q 


by assuming again that JR,» and JR; are 
proportional to the corresponding change of 
temperature 47» and JT. 

The Sensitivity and the Errors. — The heat 
sensitivity is about 10-° joule/Q and _ the 
change of resistance can be measured precisely 
to 0.1 Q, and thus the change of heat of 10 
joule can be detected. 

The errors in the final result may arise from 
the following sources ; 
1) the error due 

time, 

2) that due to the measurement of the 
current which passes through the calorimeter 
heater, 

3) that due to the weighing and the filling 
of the samples, 

4) that due to the omission of the correction 
of heat exchange between the calorimeter and 
the surroundings. 

. For 1 the frequency of the crystal oscillator 
is precise to +10~-°, and the error in counting 
is --N count, where WN is the number of opera- 
tion of the gate circuit. MN is usually within 
five, and one count corresponds to 10~‘sec. 
and the integral time registered on the counter 
is from 10 to 100sec., the relative error in 
the measurement of time is between 5x10 
and 5x10~°. 

Thus the total number of errors due to | is 
at most +5 x10 


to the measurement of 


For 2 the potential drop acrose the 102 
standard resistor is measured accurately to 
+0.5x10-*V. The current is of the order of 


a few to several tens of mA, then the potential 
drop across the standard 10 resistor is of 
the order of several tenths of a volt. The 
relative error is at most +5 x10 

The resistance of the calorimeter heater is 
measured accurately to +0.005(2 in about 
509. The relative error in the precision is 
=70-*. 

For 3. the weighing of the samples is _per- 
formed with the error of 0.5mg. and the 
minimum weight of the samples taken is of 
the order of 100mg. Then the relative errors 
would be at most +5x107-°. 

In the filling processes is sometimes occurs 
that a very small quantity of mercury enters 
into the needle of the syringe which can not 
be noticed until the next filling. When it is 
noticed, the drop of mercury is taken into a 
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weighing bottle and is weighed and the cor- 
rection is made to the former weight of the 
liquids. 

If it is left unnoticed or noticed in the fil- 
lings after the next or further filling, then the 
correction cannot be made and this amounts 
to a few milligrams. In this case, the errors 
from this source may amount toa few per cent 
at most. 

For 4 no quantitative evaluation can be 
made because during the course of thermal 
compensation the temperature versus. time 
relation can not be recorded by this apparatus. 

In a course of inspection of the data, it was 
noticed that when the compensation currents 
had been large, the values of heats absorbed 
obtained by the above mentioned procedure 
were a little greater than that when the 
compensating current had been small. 

The errror due to the heat exchange in the 
endothermic cases might be a few percent. In 
the exthermic cases the error due to linear 
extrapolation might be a few per cent, and in 
endothermic cases this kind of error may be 
extremely small due to thermal compensation. 

The final error arising from all these sources 
above mentioned, though the errors from 3 
and 4 are the largest, may amount to a few 
per cent. 
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Summary 


A semi-automatic microcalorimeter is con- 
structed which is convenient for a large number 
of the measurements of heats of mixing of two 
kinds of liquid. 

The calorimeter is equipped with a removable 
mixing vessel, its holder, and a container, by 
which the efficiency of the measurement is 
much increased. Automatic registering of the 
time intervals during which the electrical 
current is supplied to the calorimeter, as well 
as automatic thermal compensation for endo- 
thermic systems, are performed. It is another 
feature of the apparatus to require only less 
than | cc. of each component for each measure- 
ment. The elimination of the vapor phase 
of the liquids in the mixing vessel makes the 


results certain. The heat sensitivity is 10-° 
joule. 
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Mixing for Binary Systems of Polar and Non-polar Liquids 
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The heats of mixing for 22 binary systems 
of polar and non-polar liquids were measured. 
Each pair of polar and non-polar liquids had 
nearly equal molecular volume. This was done 
in order to see how the magnitude of the 
dipole moment of the constituent polar mole- 
cules relates to the thermodynamical properties 
of the binary systems. 


Samples 


Selection of the Pairs of Polar and Non-polar 
Liquids.—In selecting pairs of polar and non- 
polar liquids which are suitable for use in 


Present adress: Government Chemical Industrial 
Research Institute, Tokyo, Shibuya-ku, Tokyo. 


investigating the effect of the dipole moments 
of the constituent molecules on the heats of 
mixing the following points were taken into 
account. 

1) The molecular volumes of polar and non- 
polar components in each pair are nearly equal 
to each other. This eliminates the effect of the 
difference of molecular size and makes the 
effect of the dipoles as clear as possible. 

2) The polar molecules have various degrees 
of magnitudes of dipole moment. 

The pairs of polar and non-polar components 
for which the heats of mixing were measured 
are shown in Table I with their molar volumes 
and dipole moments. 


It is considered that the observed heats of 
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TABLE I. PAIRS OF POLAR AND NON-POLAR LIQUIDS FOR WHICH THE HEAT OF MIXING WERE 
MEASURED, ILLUSTRATING SIMILARITY OF THEIR MOLAR VOLUMES 
Non-polar Molar volume Polar Molar volume Dipole moment 


substances a OU, . substances a DL, &. in Debye unit 

Cyclohexane 108.09 Chlorobenzene 101.74 1.56 
Bromobenzene 105.51 Pe 

Nitrobenzene 103.16 4.21 

Benzonitrile 103.50 4.39 

n-Butylchloride 105.73 2.07 

n-Butylcyanide 105.15 4.09 

Diethyl ketone 106.40 2.71 

Methyl propyl ketone 106.40 : 

Cyclohexanone 104.67 Lute 
(Toluene 106.85 0.37) 

Toluene 106.85 Chlorobenzene 101.74 1.56 
Bromobenzene 105.51 1.73 

Nitrobenzene 103.16 4.21 

Benzonitrile 103.50 4.39 

n-Butylchloride 105.73 2.07 

n-Butylcyanide 105.15 4.09 

Cyclohexanone 104.67 2.99 

Methylcyclohexane 128.38 Chlorocyclohexane 119.37 2.07 
Bromocyclohexane 124.43 2.43 

trans-Dichloroethylene 77.28 cis-Dichloroethylene 76.12 1.89 
Benzene 89.40 Pyridine 81.31 2.20 
1,4-Dioxane 85.80 Pyridine 81.31 2.20 


ponent or of the non-polar component of the 
pairs of liquids, the experiment was extended 
to the pairs of aromatic non-polar—aliphatic 
polar as well as aliphatic non-polar— aromatic 
polar molecules. 


mixing of polar and non-polar liquids contain 
both contributions from the non-electrostatic 
dispersion forces and those from the electro- 
static dipolar and higher multipolar forces. 
The former contribution may be small if the 
pair of polar and non-polar molecules have 


molecular structures similar to each other TABLE II. BOILING POINT OF THE SAMPLES 
except in the case of the dipole moment. For B.p B. p. (lit 
such binary mixtures, the observed heats of Substance (obs.), “C value), °C 
mlaiag sony Se eneeiuend Se Re sgpeenietly — Canssaneses 131.5~131.6 131.687 
aus ‘ y fro m 
po ges the . pwr ms . a a oe Bromobenzene 155.7~155.8 155.908 
c 7 ar S. « 
7 —— Nitrobenzene 207.9~208.1 210.80 
Thus at the beginning of the experiment, j 
: ot : Benzonitrile 188.7~189.0 191.10 
the measurements were made for the pairs of 
: : n-Butylchloride 78.2~ 78.3 78.44 
polar and non-polar molecules not only of td 140.0~140.8 142.95 
‘ e ° . ° - yicyd 4 -_U~ e bo 0 how! 
similar molecular volume but also of similar . a - — nro Rapport 
molecular structure such as toluene—benzene ao _— er 
derivatives (chlorobenzene, bromobenzene, Methyl propyl ketone 101.8 s 
Cyclohexanone 155.2~155.3 155.65 


nitrobenzene and benzonitrile), benzene—pyri- 
dine, trans-dichloroethylene—cis-dichloroethy]- 
ene, methylcyclohexane—halocyclohexanes and 


Chlorocyclohexane 
Bromocyclohexane 


cyclohexane—cyclohexanone systems. Although Pyridine 115.0 115.58 
toluene is not strictly non-polar, its polar effect cis-Dichloroethylene 60.3~ 60.4 60. 36 
may be small enough to regard it as non-polar. Cyclohexane 80.4 80.4 

In the course of the experiment, anomalies Toluene 110.3~110.4 110.623 
were noticed in a group of the systems which Benzene 80.1 80.103 
contain aromatic compounds. Methlycyclohexane 100.8 

To make clear whether these anomalies come 1,4-Dioxane 101.2 101.32 
from the aromatic character of its polar com- trans-Dichloroethylene 47.3 47.67 








1280 


Cyclohexanone, diethyl ketone, and methyl 
propyl ketone were selected to show the effect 
of molecular shape and that of the position 
of the dipole in the molecule. 

Purification of the Samples. — Most samples 
were purified from the commercially available 


purest products according to the methods 
described in the literature’? and were finally 
distilled under normal pressure, with a con- 


centric vaccum jacketed column of about 40 
theoretital plates. 

Bromocyclohexane and _ chlorocyclohexane 
were kindly donated by Dr. M. L. Huggins of 
the Eastman Kodak Co. Both compounds de- 
compose at their boiling point under normal 
pressure, so they were used without further 
purification. 

In Table II the boiling points of the samples 
are shown with the values given in the litera- 
ture. The thermometer used for the distilla- 
tion was not corrected by a standard thermo- 
meter. Also the boiling points were not cor- 
rected for the atmospheric pressure. 


Results and Discussion 


The results of the heat of mixing for the 22 
binary systems of polar and uon-polor liquids 


TABLE III. HEATS OF MIXING OF POLAR 
System Wy We V2 

0.126 1.154 0.866 

Chlorobenzene 0.266 0.862 0.695 
0.454 0.621 0.490 

Cyclohexane 0.631 0.341 0.275 
0.898 0.150 0.105 

0.114 L372 0.878 

Bromobenzene 0.259 1.125 0.693 
0.439 0.8 0.490 

Cyclohexane 0.628 0.514 0.299 
0.756 0.135 0.085 

0.093 0.959 0.889 

Benzonitrile 0.266 0.706 0.672 
0.446 0.544 0.485 

Cyclohexane 0.635 0.299 0.267 
0.829 0.112 0.095 

0.116 1.221 0.872 

Nitrobenzene 0.265 0.969 0.703 
0.416 0.625 0.493 

Cyclohexane 0.588 0.391 0.300 
0.835 0.135 0.095 


1) A. Weissberger and E. S. Porskauer, ** Organic Solvent 
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*, Interscience Publishers Inc., 
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are shown in Tables III and IV, in which the 
following notations are used. 

v.: Volume fraction of the polar liquids. 

x»: Mole fraction of the polar liquid. 

wo: Weight of the polar component taken 
for the measurement in grams. 

wi: Weight of the non-polar component 
taken for the measurement in grams. 


4H» ovs: The observed heat of mixing in 
joule. 
4JHm/cc.: The observed heat of mixing per 


unit volume of the mixture in joule. 

H*®: The heat of mixing per mole of the 
mixture in joule. 

a: The coefficient of the van Laar formula 
for heats of mixing of liquids. It is related 
to the heat of mixing by the relation 


4Hm=a-V(1 


where V is the total volume of the mixture. 

The volues of a@ are plotted against v2 in 
Figs. 1 and 2, JHm/mol. is plotted against x2 
in Figs. 3 and 4. 

For the systems in which the non-polar com- 
ponent is non-aromatic, the coefficient a can 
be expressed approximately by the following 
quadratic expressions except for nitrobenzene- 
cyclohexane systems. For the systems in which 
the non-polar component is aromatic, a cannot 
be expressed by a simple formula. 


UV») “Vv 


AND NON-AROMATIC NON-POLAR LIQUIDS 
x:  dHmovs JHm/cc. HE a 
0.873 3.221 2.660 274.1 22.86 
0.708 5.831 5.179 538.9 24.43 
0.506 7.416 6.445 679.6 25.79 
0.288 6.151 5.468 584.3 27.41 
O.111 3.508 = 2.705 292.3 28.76 
0.881 3.114 2.587 273.9 24.08 
0.700 6.188 5.674 604.2 26.68 
0.498 7.634 6.860 734.9 27.45 
0.305 7.058 6.101 657.4 29.13 
0.087 2.688 2.518 273.1 32.38 
0.894 4.376 4.057 420.6 40.96 
0.684 10.864 10.354 1085.6 47.00 
0.499 14.330 12.800 1355.0 51.52 
0.278 13.226 11.816 = 1266.2 60.37 
0.099 7.690 6.500 703.1 75.89 
0.879 7.143 6.112 625.6 54.64 
0.715 13.833 11.978 1266.7 58.71 
0.510 15.497 14.632 1537.1 58.54 
0.315 14.589 13.432 1430.0 63.92 
0.101 8.359 7.014 757.7 81.90 


New York (1955). 
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TABLE III. (Continued) 


System Wy We V2 X2 4Hm ors 4Hm/cc. HE a 

0.114 0.879 0.871 0.875 2.240 1.956 206.2 17.45 

n-Butylchloride 0.278 0.693 0.693 0.694 4.687 4.126 434.4 19.38 
0.433 0.476 0.491 0.500 5.790 5.264 562.8 21.07 

Cyclohexane 0.579 0.322 0.328 0.336 5.636 5.061 543.7 22.95 
0.828 0.100 0.096 0.099 2.658 2.246 243.4 25.90 

0.103 0.815 0.885 0.889 4.655 4.019 442.1 39.52 

n-Butylcyanide 0.284 0.643 0.688 0.696 10.226 8.696 920.5 40.51 
: 0.442 0.442 0.493 0.503 12.558 11.141 1188.2 44.57 
Cyclohexane 0.642 0.246 0.272 0.279 11.841 10.396 1118.4 52.54 
0.844 0.107 0.110 0.114 7.028 5.747 621.1 58.64 

0.098 0.785 0.885 0.887 3.771 3.440 366.9 33.67 

Diethylketone 0.145 0.261 0.632 0.638 4.135 8.110 869.9 34.90 
0.265 0.263 0.487 0.492 6.498 9.738 1047.6 38.98 

Cyclohexane 0.268 0.138 0.330 0.335 4.967 9.610 1037.6 43.47 
0.815 0.088 0.094 0.095 $.392 4.609 500.2 54.33 

0.097 0.820 0.890 0.892 4.047 3.556 379.2 36.29 

Methyl propyl ketone 0.137 0.256 0.641 0.646 4.479 9.082 973.7 39.47 
} 0.268 0.256 0.477 0.483 6.841 10.326 1111.2 41.39 
Cyclohexane 0.256 0.142 0.346 0.351 5.050 9.951 1073.9 43.99 
0.826 0.098 0.102 0.104 6.113 5.144 558.1 56.84 

0.095 0.859 0.885 0.890 3.318 3.093 328.8 30.51 

Cyclohexanone 0.271 0.725 0.687 0.696 7.800 6.965 735.3 32.41 
0.421 0.503 0.495 0.506 9.479 8.794 935.9 35.18 

Cyclohexane 0.629 0.302 0.283 0.292 9.233 8.147 875.9 40.16 
0.806 0.101 0.093 0.097 4.901 4.266 462.0 50.48 

0.103 1.019 0.884 0.891 1.264 1.089 131.1 10.62 

Chlorocyclohexane 0.266 0.770 0.690 0.705 2.761 2.459 300.1 11.49 
0.406 0.584 0.525 0.543 3.473 3.104 383.3 12.44 
Methylcyclohexane 0.562 0.382 0.343 0.360 3.403 3.040 380.6 13.48 
0.730 0.144 0.132 0.140 1.922 1.749 222.2 15.26 

0.111 1.333 0.875 0.880 1.518 1.306 163.4 11.94 

Bromocyclohexane 0.262 1.007 0.692 0.698 3.060 2.754 346.0 12.92 
+ 0.443 0.728 0.489 0.497 3.952 3.483 440.2 13.94 
Methylcyclohexane 0.625 0.436 0.289 0.296 3.750 3.262 414.8 15.88 
0.822 0.166 0.105 0.108 1.880 1.565 200.2 16.60 

0.816 0.125 0.082 0.084 1.463 1.259 161.2 16.71 

0.141 1.178 0.891 0.893 0.580 0.559 42.63 5.75 

cis-Dichloroethylene 0.413 0.897 0.679 0.684 1.458 1.411 108.2 6.47 
0.694 0.667 0.484 0.490 2.001 1.850 142.5 7.41 

trans-Dichioroethylene 0.929 0.391 0.291 0.296 1.883 1.787 128.8 8.65 
1.178 0.128 0.096 0.098 0.883 0.843 65.55 9.72 

0.130 0.992 0.889 0.895 0.217 0.190 15.48 1.93 

Pyridine 0.182 0.321 0.650 0.663 0.250 0.495 40.79 247 
0.343 0.329 0.502 0.517 0.418 0.625 51.96 2.50 

1, 4-Dioxane 0.360 0.157 0.315 0.327 0.357 0.609 58.79 3.24 
1.061 0.116 0.103 0.109 0.422 0.367 31.26 3.93 

0.096 0.857 0.889 0.891 2.342 2.095 224.3 21.25 

Toluene _ 0.265 0.665 0.693 0.696 5.206 4.675 502.2 21.96 
0.420 0.456 0.494 0.498 6.075 5.670 611.2 22.68 

Cyclohexane 0.589 0.267 0.289 0.293 5.464 5.103 552.1 24.83 
0.823 0.110 0.107 0.109 2.796 2.348 254.8 24.55 
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TABLE IV. 


System 
Chlorobenzene 


Toluene 


Bromobenzene 


Toluene 


Benzonitrile 


Toluene 


Niirobenzene 


Toluene 


n-Butylchloride 
T 
Toluene 


n-Butylcyanide 


Toluene 
Cyclohexanone 
Toluene 
Pyridine 
Benzene 
Chlorobenzene 
a=29.53 
Bromobenzene 
@=3Z.J2 


Ww; 


0.113 
0.300 
0.475 
0.643 
.828 


o 


| 


eseeoc|sece ®| 


126 
301 
481 
684 
900 


102 
305 
.481 
.651 
. 898 


a So 
Co oC 


» 253 
. 289 
.488 
.687 
871 


.097 
.161 
. 298 
297 
. 868 


113 
~§55 
303 
. 290 
.848 


.094 
.290 
-480 
641 
-815 


0.114 
0.301 
0.502 
0.715 
0.918 


o 


Cyclohexane: 
7.52702 


Cyclohexane: 


10.022 + 0.405v 


Benzonitrile—Cyclohexane: 
87.44v2 + 46.88v." 


Nitrobenzene—Cyclohexane: 


a=82.60 


W2 


1.107 
0.799 
0.584 
0.358 
0.104 


1.463 
0.999 
.809 
.474 
. 163 


.050 
. 758 
.534 
328 
114 
129 
.870 
.632 
455 
106 


.817 
291 
. 282 
. 145 
090 


707 
. 263 
263 
136 
0.075 


0.873 
0.673 
0.499 
0.312 
0.086 


0.974 
0.702 
0.532 
0.309 
0.113 


oo o 


oo coo = 


a 


0.073;v2" 
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V2 Xe 4Hm ov 
0.885 0.889 -0.497 
0.674 0.686 0.971 
0.491 0.502 1.346 
0.304 0.313 1.107 
0.090 0.093 0.438 
0.871 0.864 0.400 
0.658 0.646 0.776 
0.494 0.480 0.959 
0.287 0.276 0.770 
0.095 0.090 0.369 
0.899 0.902 0.088 
0.682 0.689 0.080 
0.489 0.498 0.006 
0.303 0.310 0.001; 
0.099 0.102 0.118 
0.878 0.882 1.169 
0.684 0.693 2.106 
0.482 0.492 2.442 
0.323 0.331 1.929 
0.081 0.084 0.849 
0.892 0.893 0.604 
0.639 0.643 0.764 
0.481 0.485 1.085 
0.322 0.327 —0.780 
0.092 0.094 0.672 
0.871 0.873 0.614 
0.648 0.653 —0.682 
0.485 0.490 —1.113 
0.337 0.342 —0.761 
0.087 0.089  —0.378 
0.895 0.897 —0.540 
0.680 0.685  —1.277 
0.488 0.494 -1.603 
0.308 0.314 —1.461 
0.088 0.090 —0.373 
0.884 0.894 -0.007 
0.676 0.697 —0.032 
0.486 0.511 0.007 
0.279 0.299 0.040 

0.108 0.023 


0.099 


n-Butylchloride 
a@=27.12 
n-Butylcyanide 
a =64.48 
Cyclohexanone 
a=54.91 
Diethyl ketone 
a=59.73 


HEATS OF MIXING POLAR AND AROMATIC NON-POLAR LIQUIDS 


[Vol 
4H,,/cc. HE 
0.437 44.9 
~ 0.904 93.8 
1.245 130.2 
1.033 108.9 
0.415 44.2 
0.354 37.1 
0.761 78.8 
0.871 89.4 
0.693 70.3 
0.320 31.9 
0.076 7.8 
0.072 13 
0.005 0.5 
0.001 0.1; 
0.104 10.9 
1.089 112.4 
1.985 206.4 
2.234 234.1 
1.640 173.1 
0.841 82.3 
0.581 61.2 
1.477 156.2 
1.629 Liz. 7 
1.532 162.8 
0.603 58.4 
0.599 63.1 
1.336 140.8 
—1.631 172.5 
— 1.498 — 159.1 
—0.351 37.4 
-0.521 54.5 
—1.215 127.6 
1.475 155.7 
-1.359 — 144.1 
—0.359 38.3 
0.006 0.5 
-0.030 re 
0.006 0.5 
0.035 3.1 
0.020 17 
Cyclohexane: 


. 13.50,v> t 2.876v2" 


Cyclohexane: 
54.01 v2 + 28.75v,? 
Cyclohexane: 
57.44v2 + 34.31v2? 
Cyclohexane: 
60.622 + 35.05v2" 


34, No. 


.28 
12 
98 
.89 


.09 


> +» 


A 


15 
.38 
.49 
.39 


| 


wewww w 


0.83 
0.33 
0.02 
0.00, 


10.16 
9.19 
8.95 
7.50 

i1.35 

6.02 

6.40 

6.54 

7.02 
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a, joule/ce. 





Fig. 1. The plots of van Laar coefficient a vs. 
volume fraction for the systems of group I. 


Chlorobenzene—Cyclohexane 
Bromobenzene—Cyclohexane 
Benzonitrile—Cyclohexane 
Nitrobenzene—Cyclohexane 
n-Butylchloride—C yclohexane 
n-Butylcyanide—C yclohexane 

Diethyl ketone—Cyclohexane 

Methyl propyl ketone—Cyclohexane 
Cyclohexanone—Cyclohexane 

10. Chlorocyclohexane—Methylcyclohexane 
11. Bromocyclohexane—Methylcyclohexane 
12. cis-Dichloroethylene—trans-Dichloroethylene 
13. Pyridine—1,4-Dioxane 

14. Toluene—Cyclohexane 


POI AVAWNS 


Methyl propyl ketone—Cyclohexane: 
a =62.22 —61.38v2 + 36.92v,” 
Chlorocyclohexane 
a= 16.01;—7.362v2 + 1.299v,? 
Bromocyclohexane—Methylcyclohexane : 

a =17.50—6.61v2+0.396v.” 


cis-Dichloroethylene 


Methylcyclohexane: 


trans-Dichloroethylene : 


a = 10.438 —7.172v2 + 2.094v,? 
Toluene—Cyclohexane: 
a =24.78—3.971v2 
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joule/ce. 


a, 








Fig. 2. The plots of van Laar coefficients a@ vs. 
volume fraction for the systems of group II. 


Chlorobenzene—Toluene 
Bromobenzene—Toluene 
Benzonitrile—Toluene 
Nitrobenzene—Toluene 
n-Butylchloride—Toluene 
n-Butylcyanide—Toluene 
Cyclohexanone—Toluene 
Pyridine—Benzene 


PREYS YS Pe 


Pyridine—1, 4-Dioxane: 
a 4.92, cat 7.425v2 T 4.69.v." 


It is obvious from the above figures that for 
the systems where non-aromatic molecules 
such as cyclohexane and methyl cyclohexane 
are selected for the non-polar component 
(denoted as group I hereafter) the values of 
a are positive and increase smoothly as the 
volume fractions of polar component vw, de- 
crease. It is in sharp contrast to the cases of 
mixing of two non-polar liquids where the 
values of @ are nearly constant over the whole 
range of concentrations”. 

The larger the dipole moment of the polar 
molecules the larger the variation of the values 
of a@ with concentration. This suggests that 


2) J.H. Hildbrand, “The Sviubility of Nonelectrolytes”’, 
Reinhold Publishing Corporetion, New York (1950). 
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Fig. 3. The plots of HE vs. mole fraction for 
the systems of group I. 


Chlorobenzene--Cyclohexane 
Bromobenzene- -Cyclohexane 
Benzonitrile- -Cyclohexane 
Nitrobenzene-—Cyclohexane 
n-Butylchloride—-Cyclohexane 
n-Butylcyanide-—-Cyclohexane 

Diethy! ketone--Cyclohexane 

Methyl propyl ketone -Cyclohexane 
Cyclohexanone--Cyclohexane 
Chlorocyclohexane—-Methylcyclohexane 
Bromocyclohexane—-Methylcyclohexane 
cis-Dichloroethylene—trans-Dichloroethylene 
Pyridine——-1,4-Dioxane 


l. 
a 
* 
4. 
a 
6. 
7 


ge 


the change of the values of a@ with concentra- 
tion originated from the effect of the dipoles 
of the polar constituents. 

However, for the systems in which aromatic 
compounds such as toluene or benzene are the 
non-polar components (denoted as group II 
hereafter), most of the values of @ decrease 
with the decrease of v in most concentration 
ranges, and their variation seems to have no 
aparent relation with the dipole moment of the 
polar components. 

Furthermore the values of a are 
smaller than the corresponding 
group | containing the same polar component 


much 


and cyclohexane and are negative for most of 


these systems. This is a marked difference in 
comparison with group I. 

It is difficult to interpret these differences by 
electrostatic energy only, for the dielectric 


systems of 


[Vol. 34, No. 9 








Fig. 4. The plots of H¥ vs. mole fraction for 
the systems of group II. 


Chlorobenzene—Toluene 
Bromobenzene—Toluene 
Benzonitrile—Toluene 
Nitrobenzene—Toluene 
n-Butylchloride—Toluene 
n-Butylcyanide—Toluene 
Cyclohexanone—-Toluene 
Pyridine—Benzene 


constant of toluene does not differ so much: 
from that of cyclohexane, and the electrostatic 
energy for both can also not be expected to 
differ greatly. It is concluded from the experi- 
mental results that the structural difference be- 
tween aliphatic and aromatic non-polar liquids 
is responsible for these differences, for these 
anomalies are independent of whether the 
polar components are aromatic or not. This 
is in accordance with the fact that benzene 
shows an anomalous solvent effect in dielectric 
measurement. 

As is seen from Fig. 2, for the systems of 
group II non-polar components, most of the 
values of @ are negative, and if positive, these 
are small and do not change greatly with con- 
centration as those systems in group I. 

The effect of the dipole of the polar com- 
ponent, as is observed in the systems of group 
I, is also shown for such systems of group II 
as contain polar molecules of large dipole 
moment, in which the values of a@ begin to 
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increase with the decrease of v, at low con- 
centrations of polar molecules. This may be 
interpreted as follows: in the systems of group 
II two effects must be taken into azcount: 
the one is that governed by the magnitude of 
the dipole moment of the polar component, and 
is similar to that observed in the systems of 
group I and the other is a kind of stabilizing 
effect, specific, or coherent to the aromatic 
character of non-polar liquids such as toluene 
or benzene. 

For cis-dichloroethylene— trans-dichloroethy]- 
ene and pyridine—dioxane systems the values 
of a are smaller than that of the other group 
of the systems of polar-non-aromatic non-polar 
pairs. This may be due to the quadrupole of 
their components. 


Summary 


The heats of mixing were measured for 22 
binary systems of polar and non-polar liquids 
where the pairs of liquids have similar mole- 
cular sizes. 

For the systems in which the non-polar com- 
ponents are non-aromatic, the van Laar coef- 
ficients @ are positive and increase smoothly 
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as the concentration of polar liquids decrease. 
This variation of a with concentration is at- 


tributed to the effect of dipole of the polar 
component. 
However, for the systems where the non- 


polar components are aromatic, the values of a 
are smaller than that of the corresponding non- 
aromatic system and are even negative for 
most of the cases and decrease with concentra- 
tion of polar component in most concentration 
ranges. 

The sharp difference between two groups of 
the binary systems, was attributed to the struc- 
tural difference of aromatic and non-aromatic 
non-polar components. 

The effect presumably due to the quadrupole 
of the non-polar components was noticed. 


The author wishes to express his thanks to 
Professor R. Fujishiro of Osaka City University 
and to Professor Y. Morino of the University 
of Tokyo for their constant encouragement and 
discussions. 
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Isolation of Mycarose-4- 


isovalerate from Leucomycin A, 


By Tetsuo WATANABE, Hisao NISHIDA and Kazuo SATAKI 


(Received February 21, 


Leucomycin A; is a main component of the 
basic antibiotic complex produced by Strepto- 
myces kitasatoensis Hata'’». As described in 
the previous papers, the main antibiotic iso- 
lated from the complex by counter current 
distribution with the use of a solvent system 
composed of benzene, chloroform, methanol 
and water, possessed one nitrogen and gave 
an amino sugar, mycaminose (CsH;;NO,;) on 
drastic acid-hydrolysis?®. In this paper, we 
wish to report the isolation of another sugar 
moiety from the mild acid-hydrolyzate and the 
identification of it as mycarose-4-isovalerate or 
its steric isomers. 


1) T. Hata, Y. Sano, M. Ohki, Y. Yokohama, A. 
Matsumae and S. Ito, J. Antibiotics, Ser. A, 6(2), 87 (1953). 

2) T. Hata, F. Koga and H. Kanamori, ibid., 6(3), 109 
(1953). 

3) T. Watanabe, H. Nishida and K. Satake, This 


Bulletin, 33, 8, 1104 (1960). 
4) T. Watanabe, ibid., 34, 15 (1961). 


1961) 


By the action of methanolic hydrogen chlo- 
ride, leucomycin A; (CysH3:NO;;, m.p. 135~ 


138°C, pK’, 7.1) was split into another basic 
compound I (C;;Hs,sNOy;, m.p. 154~155°C, 
pK’, 8.1) and a neutral oily substance II 


(C;3;H»,O;, b. p. 115~117°C/1.5 mmHg). The 
latter oil showed reducing properties only after 
the removal of the one acid-labile O-methyl 
group. These facts seemed to indicate that 
there had occurred a methanolysis of the 
neutral sugar moiety of leucomycin A;. The 
methyl glycoside possessed an intense infrared 
absorption at 1745cm~' and did not consume 
periodic acid under usual conditions*'. On 
alkaline hydrolysis at room temperature, how- 
ever, Il gave a mixture of two isomeric methyl 


The present author had no evidences to presume 
whether II was a-, f- or a mixture of both glycoside 


isomers. 
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glycosides, IIT (CsH.O,, 
IV (C:H;O,, b.p. 115°C/1.5 mmHg), _ both 
of which consumed periodic acid; isovaleric 
acid was also obtained which was identified as 
the S-benzylthiouronium salt (m.p. 153°C). 
These results indicate that II is an isovarelyl 
ester of a neutral sugar glycoside. 

The O-methy! group of III was easily split 
with dilute mineral acid at room temperature, 
giving a reducing sugar V (C;H;,O,-H.O, m. 
p. 89~90°C). The sugar V which possessed 
two C-methyl groups and three hydroxyl 
groups, gave a positive iodoform reaction, and 
rapidly consumed one mole of slightly alkaline 
iodine, indicating that V was a_ branched 
deoxyaldose. The sugar V dissolved in con- 
centrated sulfuric acid with an intense red 
brown color, a behavior similar to that of 
intact leucomycin®”, and V as well as II 
showed a characteristic color with vanilline- 
perchloric acid reagent on paper, which had 
been reported to be specific to 2-desoxy- 
aldose 

Upon periodate-oxidation, the sugar V con- 
sumed one mole of the oxidant rather rapidly 
and an additional one mole slowly, and_ pro- 
duced one mole each of formic acid and 
acetaldehyde. The former was identified as 
the p-bromophenacy] ester (m. p. 100~101°C) 
and determined quantitatively by alkaline 
titration, while the latter was identified as the 
2, 4-dinitrophenylhydrazone (m. p. 160~161°C) 
and assayed photocolorimetrically with the use 
of p-hydroxybiphenyl'? Beside the above- 
mentioned two products, 1-(2, 4-dinitrophenyl)- 
3(or 5)-methylpyrazole (C;gHsN,O;, m. p. 139~ 
140°C) could be isolated from the reaction 
mixtures of periodate-oxidized products*’ of V 
with 2, 4-dinitrophenylhydrazine, indicating the 
formation of acetacetaldehyde from V‘:*? 

These results seemed to indicate that the 
sugar V was a 2,6-deoxy-3-methylaldose, thus 
mycarose which had already been isolated from 
magnamycin by Woodward et al.°?, or its steric 
isomer. 

Isovaleric acid liberated from II by the action 
of alkali seemed to be originally attached to 
the C-4-position of V as the ester. This was 
because the derivative II, unlike the free V, 
had an intense infrared absorption at 1745 cm 
(see Fig. 1) presumably due to the presence 
of the ester linkage and it did not 


m. p. 59~61°C) and 


because 


An oxidized mixture resulted from one mole of 
periodate per mole of V, as the mixture contained acetal- 
dehyde in a much lower ratio 

5) A. P. MacLennan and H. M. Randall, Anal. 
31, 2020 (1959). 

6) B. A. Neidig and W. C. Hess, ibid., 24, 1627 (1952) 

7) L. Claisen and N. Stylos, Ber., 21, 1149 (1888). 

8) L. Claisen and N. Stylos, ibid., 24, 1888 (1891). 

9) P. P. Regna, F. A. Hochstein, R. L. 
and R. B. Woodward, J. Am. Chem. Soc., 


Chem., 


Wagner, Jr. 
75, 4625 (1953) 
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consume periodate under the usual conditions. 

Intact leucomycin A; has one O-methyl 
group. that is acid-stable™?, while the methyl 
glycoside II derived from leucomycin A; with 
methanolic hydrogen chloride at room tem- 
perature is acid-labile. Accordingly the neutral 
sugar moiety (V-4-isovalerate) appears to be 
linked with another moiety I containing the 
basic mycaminose residue, as a glycoside, and 
to be methanolyzated by the above-mentioned 
treatment. In this respect, a marked difference 
should be emphasized among the pK’, of the 
basic moiety I (pK’, 8.1), intact leucomycin 
A: (pK’, 7.1) and diacetyl leucomycin A: (pK's 
eo ig Sucha stepwise decrease in the 
pK’, values of the dimethylamino group” of 
mycaminose residue, might be interpreted by 
a successive blocking effect of two hydroxyl 
groups adjacent to the dimethylamino group. 
Thus V-4-isovalerate might be linked to the 
4- or 2-position of mycaminose residue. 


Experimental 


Leucomycin A;.—-The leucomycin complex used 
in this experiment was a commercial bulk, Lot 
No. 9LM-47, which was kindly given by the 
Research Institute, Toyo Jozo Co., Ltd. Leucomycin 
A; was isolated from the complex by a counter 
current distribut.on technique, as already reported 
by the present authors 

Methanolysis of Leucomycin A,;.--Leucomycin 
A; (20g.) was dissolved in 100ml. of methanol 
containing 1% hydrogen chloride and the solution 
mixture was allowed to stand for 18 hr. at 5°C. 
Thereafter, the reaction mixture was neutralized to 
PH 4 with diluted sodium hydroxide, concentrated 
under reduced pressure to remove methanol, diluted 
with water and extracted with ether (three times, 
200 ml.-, 100 ml.- and 100 ml.-portions). The ether 
extract gave 4g. of colorless oily liquid II, b. p. 


11S~117°C/1.5 mmHg, [a] —9.87 (c 3 in chloro- 
form) 
Found: C, 59.38; H, 9.59; OCHs, 11.51. Calcd. 


for Ci;3HyO;: C, 59.98; H, 9.29; OCHs, 11.90%. 
From the remaining aqueous layer, 8g. of I was 
crystallized out on adjusting the pH to 8, m.p., 
154~155 C (recrystallized from acetone-water) *. 
Found: C, 59.14; H, 8.73; N, 1.97. Calcd. for 
CssHsgNOj3: C, 59.22; H, 8.56; N, 2.03%. 
Alkaline Hydrolysis of II.—Two grams of II 
was dissolved in 40 ml. of aqueous sodium hydrox- 
ide (IN) and the solution was allowed to stand 
for 3 days at room temperature. The hydrolyzate 
was neutralized to pH 7 with hydrochloric acid, 
concentrated to dryness in vacuo and the 
was extracted continuously with chloroform. The 
chloroform extract gave 700 mg. of III (b. p., 76~ 


residue 


Free mycaminose, itself, possessed a pK’, at 8.1". 
10) T. Watanabe, unpublished. 


11 T. Watanabe, unpublished. 


It was chromatographically homogeneous 
13) G. L. Miller and A. L. 


(1959). 


Burton, Anal. Chem., 31, 1790 


Studies on Leucomycin. V 
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78°C/1.5 mmHg, m.p., 59~61°C) and 500mg. of 
IV (b. p., 11S~116°C/1.5 mmHg, not solidified). 


Found (for Ill): C, 54.76; H, 8.97; OCHs, 
17.03. Calcd. for CsHieQ,: C, 54.63; H, 9.153 
OCHs, 17.62%. 

Found (for IV): C, 54.70; H, 9.02; OCHs, 


17.23%. 

The chloroform-insoluble residues were dissolved 
into 0.1 N sulfuric acid and steam-distillated. The 
distillate gave a crystalline S-benzylthiouronium salt 
(m.p., 152~153°C, recrystallized from ethanol) 
which showed no depression on admixture with 
authentic S-benzylthiouronium isovalerate. 

Found: C, 57.95; H, 7.39. Caled: for C;H 9O:- 
CsH;,NeS: C, 58.24; H, 7.42%. 

Acid Hydrolysis of III.—Seven hundred milli- 
grams of III was dissolved in 40 ml. of 0.1 N sulfuric 
acid and allowed to stand for 45 min. The hydro- 
lyzate was neutralized with aqueous barium hydrox- 
ide and the filtrate from barium sulfate was con- 
densed in vacuo to Sml. and extracted with ether. 
The ether layer gave 580 mg. Of crystalline solid V, 
m. p., 89~90°C (recrystallized from ethanol), [a]? 

25.08 (c 3 in water) 

Found: C, 46.60; H, 9.40. Caled. for C;HisO,- 
H,O: C, 46.41: H, 9.39%. 

Periodate Oxidation of V.— Quantitative Oxida- 
tion.—The oxidation was achieved in 0.5% acetic 
acid at 20°C, with the uses of 0.52 mM of the sugar 
V and of 4.8mmM of sodium metaperiodate, and an 
aliquot of the reaction mixture was pipetted out 
after a given period, for the following analysis. 
The amounts of periodate consumed, was deter- 
mined, after the addition of potassium iodide, by 
the titration with thiosulfate. The amounts of 
acetaldehyde formed was determined spectrophoto- 
metrically with p-hydroxbiphenyl®. The amounts 
of formic acid formed was determined by the alkali- 


titration on the oxidation mixture in aqueous 
solution instead of 0.5% acetic acid solution. 
Acetaldehyde and formic acid in the reaction 


identified as the 2, 4-dinitrophenyl- 
hydrazone (m.p., 160~161°C) and the p-bromo- 
phenacyl ester (m.p., 100~101°C), respectively. 
The melting points of these derivatives showed no 
depression on admixture with each authentic sample, 
respectively. 


mixture were 


Identification of  1-(2,4-Dinitrophenyl)-3(or 5)- 
methylpyrazole with One Mole of Periodate. — Five 
hundred milligrams of sugar V (2.78 mM) was dis- 
solved in 50 ml. of water and 600 mg. (2.86 mM) of 
sodium periodate was added. The solution was 
allowed to stand for 20 min., then treated with 2, 4- 
dinitrophenylhydrazine. The bright red precipitate 
appeared in the solution, was purified on a column 
of silicagel (1.5 40cm.) with a mixture of benzene, 
ethanol and petroleum ether as the developer. The 
second main band eluted from column gave 75 mg. 
of a crystal, m. p., 139~140 °C (recrystallized from 
ethanol-ether). Admixture with authentic sample 
(1-(2, 4-dinitrophenyl)-3(or 5)-methylpyrazole syn- 


thesized from acetacetaldehyde and _ 2, 4-dinitro- 
phenylhydrazine) caused no lowering of the melting 
point. 

Found: C, 48.67; H, 3.60; N, 22.89. Calcd. for 


CrHsN,O,: C, 48.39; H, 3.25; N, 22.57%. 
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Aldose reaction with alkaline 
iodine’, 2-desoxyaldose reaction with perchloric 
acid-vanilline reagent®), iodoform-'*, anthrone-! 

and Fehling-' reactions were achieved under the 
conditions reported in the references cited, respec- 
tively. Infrared absorption spectra of II, II] and V 
dispersed in potassium bromide disk or Nujol, were 


Other Analyses. 


14) Y. Mizuno, “ Methods of Organic Analysis (Yuki 
Teisei Bunseki Ho)”, Tokyo (1956), pp. 71, 80 
15) D. L. Morris, Science, 107, 254 (1948). 


S. SRIRAMAN and V. SHANMUGASUNDARAM 
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recorded with Koken infrared 


type D-101. 


spectrophotometer, 


The authors wish to express their apprecia- 
tionto Mr. T. Fujimoto, Mr. A. Take and Mr. 
S. Suda for their assistance in the elemental 
analysis and functional group analysis. 
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Thermo-magnetic Study of Mercury and Dilute Amalgams of 
Sodium and Potassium 


By S. SRIRAMAN and V. SHANMUGASUNDARAM 


(Received February 9, 1961) 


The idea of the probable existence of definite 
compounds between mercury and an alkali 
element has been suggested by several investi- 
gators from their work on vapor pressure”, 
surface tension” and electrical conductivity” 
measurements of these amalgams. But similar 
investigations by different authors’ ~ on these 
amalgams have failed to show any such com- 
pound formation. Rao and Aravamuthachari” 
have studied the magnetic 
dilute alkali amalgams at room temperature. 
At very low concentration of amalgams lithium 
showed an increase of diamagnetic susceptibi- 
lity while the other alkali metals indicated a 
decrease. Klemn and  Hauschulz'? made 
magnetic measurements on alkali amalgams at 
20 and — 180°C. The maximum and minimum 
in Z-concentration curves have been explained 
as due to the formation of compounds. The 
magnetic study of dilute alkali amalgams at 
higher temperatures may throw more light on 


1) H. E. Bent and J. H. Hilderbrand, J. Am. Chem 
Soc., 49, 311 (1927). 

2) S. S. Bhatnagar, Mata Prasad and D. M. Mukerji 
J. Ind. Chem. Soc., 1, 81 (1924) 

3) D. Boohariwala, G. R. Paranjapee and Mata Prasad 
Indian. J. Phys., 4, 147 (1929). 

4) R. W. Millar, J. Am. Chem. Soc., 49, 3003 (1927). 

5) P. P. Pugachevich and O. A. Timsfeevicheva, Doklad) 
Akad. Nauk SSSR, 94, 285 (1954). 

6) P.P. Pugachevich and O. A. Timsfeevicheva, ibid., 
104, 98 (1955). 

7) T. B. Hine, J. Am. Chem. Soc., 
8) W. J. Davis and E. J. Evans., Phil. 
(1930). 

9) S. R. Rao and S. Aravamuthachari, Proc. Ind. Acad. 
Sci., 9, 181 (1939). 

10) W.Klemn and B. Hauschulz, Z. Elektrochem., 45, 346 
(1939). 


39, $82 (1917). 
Mag., 10, 569 


susceptibility of 


the structure of the alkali amalgams. Hence 
the present investigation has been taken up. 


Experimental 


Sodium, potassium and mercury used in this 
investigation were of the highest purity. The amal- 
gams were prepared in vacuum with a specially 
prepared pyrex apparatus (Fig. 1) by distillation. 


Fig. 1. The 
amalgam. 


pyrex apparatus to prepare the 


The estimation of alkali content was carried out in 
accordance with improved procedure for the alkali- 
metric titration given by Lewis Adams and Lanman 
and described in detail by Rao and Aravamuth- 
achari™. 

The specific susceptibilities of mercury, the two 
alkali metals and the amalgams were found by the 
Curie retorsion method using the vacuum arrange- 
ment described by Venkateswarlu and Sriraman'». 
For each specimen Z values were determined for 
four different field currents. Graphs were drawn 
between Z and 1/H for each specimen and in all 
cases the points were found to plot themselves in 
a horizontal straight line showing the complete 
Naturfor 


11) K. Venkateswarlu and Sriraman, Z 


I3a, 451 (1958). 
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TABLE I. 


Number of 
bulbs 
studied 


SUSCEPTIBILITY OF 


x 


Substance Observ ed 


0.169 
0.599 
0.462 


Mercury 5 
Sodium 4 
Potassium 4 


impurities. For the cal- 
for benzene (0.702 10~°) 


absence of ferromagnetic 
culation of Z% the value 
is taken as standard. 


Results 


The results obtained 
two alkali metals are given in Table I. 
values of susceptibility given in this 
indicate those in 10~° c.g.s. units. 

Two mercury bulbs were studied at different 
temperatures between 30°C and 240°C. The 
results obtained are given in Table II. The 
fall in Z-values of mercury is found to be 
slightly larger than reported by Bates and 
Baker’. 


for mercury and the 
The 
report 


TABLE Il. Z, (DIA) OF 


TEMPERATURES 


x; 


MERCURY AT DIFFERENT 


Temp. 
Bulb, Bulb. 
30 0.169 0.169 
0.169 0.169 

90 .167 .167 
166 . 166 

. 166 . 165 

165 164 

.164 . 164 

.163 . 163 


TABLE III. Z, (DIA) oF 


Sodium amalgam 


Bulb Weight 
No. of 
amalgam Weight At. 
g. % % 
0.4910 0.008 .070 0.166 0. 
0.4132 0.024 .209 0.166 0. 
0.3940 0.043 .374 . 165 0.169 
0.3876 0.097 .839 165 0.168 
0.5298 0.137 179 . 164 0.168 
0 
0 
0 


Concentration x 
Addi- 


tive 


Z 
Ob- 
served 


a 


169 
169 


4765 . 263 . 248 161 . 167 
.4098 <stD 211 mF . 166 
3841 .440 F135 . 158 . 166 
).4670 .530 443 . 154 . 165 
.4757 .638 -316 mY. . 164 
-5012 .840 .880 yb . 163 
. 3461 .080 .696 Mb 161 


—-OoOoemeyAn HAUS wWwWN = 


Coa UN hw wre — oC SC SO 


te 


iz 1. F. 
409 (1938). 


Bates and C.J. W. Baker, Proc. Phys. Soc., SD, 
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MERCURY, 


0.1675!" 
0.644!° 
0.532! 


SODIUM 


1289 


SODIUM AND POTASSIUM 


Z, by others 
0. 1667 


0.5914 
0.5114 


0. 166° 
0.60!! 
0.460!! 


0.1610! 
0.60” 
0.52 


In Table III are given the results obtained 
for sodium and potassium amalgams at room 
temperature. The last column gives the addi- 
tive value calculated. 2 


Figures 2 and 3 represent 
the graphical representation of the results 


1700 4 
ws 
a ——— 

~ < 


~ ag, 


1600 


Atomic % of sodium in the amalgam 


Fig. 2. The magnetic susceptibility of sodium 
amalgam as a function of atomic per cent of 
sodium metal in the amalgam. 
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Fig. 3. The magnetic susceptibility of potassium 
amalgam as a function of atomic per cent of 
potassium metal in the amalgam. 


AND POTASSIUM AMALGAMS 


Potassium amalgam 


— Concentration x. 

Oo 

amalgam Weight At. oe 
g. 0 0 
.4561 0.007 .037 
.4904 0.054 .277 
. 5049 0.174 .887 
. 3836 0.200 .017 
.3762 0.202 .020 
.5740 232 .180 
.4852 .466 .316 
.6683 . 705 .436 
.6145 .717 576 
.3791 . 146 -613 
.5206 .466 .089 
.5012 .583 .620 


Z 
Addi- 


tive 


. 169 
.169 
. 168 
. 168 
. 168 
. 168 
166 
165 
.165 
. 162 
. 160 
.1S9 


.159 
.156 
.161 
. 162 
. 162 
.165 
ave 
. 168 
. 168 
. 167 
. 165 
. 166 


IMwwone- -—- — 


~ 


Ann. Chim. (12), 1, 527-87 (1946) 
Mag., 2, 21 (1926) 


13) A. Pacualtt, 
14) W. Sucksmith, Phil 
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TABLE IV. Z 


Tempera Sodium amalgam 
~ z 
ture 
( 


30 
60 
90 

120 
150 
180 
210 
240 


obtained. Four of the above sodium amalgam 
bulbs and seven of the above potassium 
amalgam bulbs have been subjected to tem- 
perature study in the range 30°C to about 
210°C. The results obtained (Table 1V) show 
that, for each specimen, the Z, values of the 
two amalgams remain practically constant at all 
temperatures. 


Discussion 


When very small quantities of a metal goes 
into solution in mercury one of the three 
things may hapen; (1) a compound may be 
formed (2) the metallic atoms may exist in a 
state of solid solution in mercury and (3) the 
metal may get dispersed into atoms, each atom, 
being surrounded by a group of mercury atoms 
forming a complex molecule. 

Bent and Hildebrand’ suggest the presence 
of a compound NaHgi. as it would explain 
both vapor pressure and electromotive force 
data. Inoue and his co-workers claim to 
identify a compound NaHg,; by electrolyzing 
a saturated sodium chloride solution with 
mercury cathode. These compounds correspond 
to about 5.5 and 6.5 atomic per cent of sodium. 
If such compounds are really formed a pro- 
nounced change in the susceptibility will nor- 
mally be obtained at these concentration. Our 
results show only a very broad minimum at 
about 6 atomic per cent as illustrated in Fig. 
2. In the case of potassium amalgam the vari- 
ation of susceptibility at very low concentra- 
tions is so rapid (Fig. 3) that compound for- 
mation could not account for the change. A 
study of susceptibility of amalgams at these 
concentrations and at different temperatures 
may give us some indications regarding the 
formation or otherwise of a compound. 
Our results (Table IV) do not show any such 
indication. 
these concentrations are found to be practically 
constant at all temperatures. It may be ob- 


15) Y. Inoue and A. Osugi, J. Electrochem. Soc. Japan, 
20, 502-513 (1952). 


The ZX; values for amalgams of 
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(DIA) OF SODIUM AND POTASSIUM AMALGAMS AT DIFFERENT TEMPERATURES 


Potassium amalgam 
Zs 


| 6 ] 8 


.163 , . 168 
. 162 : . 169 
. 162 ‘ . 169 
.162 ; .169 
.161 , . 168 
.162 : . 168 
. 163 P , . 168 


. 162 . 169 


served that for potassium amalgams the mini- 
mum is fairly sharp at 0.3 atomic per cent of 
potassium. The magnetic investigations of 
alkali amalgams at 18°C by Klemn and 
Hauschulz' have not indicated the formation 
of compounds at such low concentrations. 

According to Rao and Aravamuthachari” 
the alkali atoms do not even exist in a state 
of solid solution and they have advanced rea- 
sons from electrical conductivity data. Inoue 
and his co-workers'® have discussed the struc- 
ture of sodium amalgam with reference to the 
amalgamation potential, equilibrium potential, 
electrophoresis, surface tension and viscosity. 
The structure of the amalgam was considered 
as a colloidal state. 

Rao and Aravamuthachari” suggest that when 
an exceedingly small quantity of an alkali 
metal is introduced into mercury it is likely that 
it is dispersed into atoms and each atom is sur- 
rounded by a group of mercury atoms forming 
a complex molecule. It seems quite probable 
that the initial fall in the diamagnetic suscep- 
tibility of mercury is due to this cause. As 
concentration increases the alkali atoms join in 
pairs and these pairs of alkali atoms are sur- 
rounded by a group of mercury atoms, the 
decrease of diamagnetism would rapidly dis- 
appear and diamagnetism increases. For these 
to occur, single atoms of the alkali elements 
should possess a high paramagnetic component 
and double atoms a strong diamagnetic com- 
ponent. Ample evidence for the former property 
is borne out by the experiments of Bates and 
Tai’, who find that many metals which are 
diamagnetic in the solid state appear to possess 
a large paramagnetic component in the amalgam. 
Also a few metals like manganese which are 
paramagnetic in the solid state appear to possess 
nearly 20 times the paramagnetic susceptibility 
when dissolved in mercury. That two para- 
magnetic atoms joining together producing a 


16) Y 
(1954). 

i) i. 
(1936) ; 


Inoue, A. Osugi and T. Amawa, ibid., 22, 121-6 


F. Bates and L. C. Tai, Pree. Phys. Soc., 48, 795 
ibid., 49, 230 (1937). 
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diamagnetic molecule is illustrated by the ex- 
ample of hydrogen. Both the amalgams 
studied exhibit these effects though in the case 
of sodium amalgam the initial fall is not as 
rapid as in potassium amalgam. 

The problem could be considered from the 
point of view of the influence of change in the 
specific volumes. Maey' has shown that the 
specific gravity of alkali amalgam diminishes 
rapidly even at low concentrations. The addi- 
tion of only 0.6% by weight of sodium changes 
the specific gravity from 13.596 to 12.956. This 
change corresponds to what would have been 
obtained, if the mercury had been heated from 
0 to 260°C. According to Stoner such an in- 
crease in volume would be accompanied by 
an increase of the paramagnetic susceptibility 
component of the free electrons. The fall ob- 
served in the susceptibility of the mercury at 
higher temperatures may be due to this cause. 

As the amalgam is heated the volume in- 
creases. From the above argument this ex- 
pansion should lead one to expect a further 
decrease in susceptibility. But the values for 


18) E. Maey, “*A Comprehensive Treatise on Inorganic 
and Theoretical Chemistry’, by Mellor, Vol. IV, Long- 
mans Green & Co. (1923), p. 1016. 


Note on the Electron Spin Resonance of Cupric Oxide-Alumina Calalyst 1291 


the two amalgams for the concentrations studied 
are not affected by rise of temperature. Is it 
possible that the lowering of susceptibility due 
to heating might be compensated by the rise 
in diamagnetic susceptibility due to the for- 
mation of more pairs of alkali atoms in the 
amalgam? This will mean that such pair for- 
mation is induced by temperature. 


Summary 


The susceptibility of pure mercury was 
determined at different temperatures. Sodium 
and potassium amalgams were prepared ina 
pure state and the susceptibility of the amal- 
gams of different concentrations at different 
temperatures was studied. The Z-values of 
amalgams were found to be practically constant 
in the range of temperature employed. 


The authors wish to express their grateful 
thanks to Dr. K. Venkateswarlu for his keen 
and continued interest throughout this investi- 
gation. 


Department of Physics 
Annamalai University 
Annamalainagar 
South India 


Note on the Electron Spin Resonance of Cupric Oxide-Alumina Catalysts 


By Yoshio MATSUNAGA* 


(Received February 20, 1961) 


Cupric oxide-alumina is one of the supported 
catalyst systems examined by Selwood’s sus- 
ceptibility-composition isotherm method. The 
presence of a plateau of susceptibility of cupric 
ion at low concentrations is characteristic in 
this oxide system. The plateau found in the 
isotherm seemed to suggest that the cupric ions 
are effectively isolated from each other at low 
concentrations. However, the paramagnetism 
which is to be expected for isolated copper 
atoms in the reduced catalyst samples was not 
observed! Here we wish to present the 
results of an electron spin resonance study of 
this oxide catalyst system. 


Present address Cyanamid European Research In- 


stitute, Cologny, Geneva, Switzerland 

1) P. W. Selwood and N. S. Dallas, J. Am. Chem. Soc.., 
70, 2145 (1948). 

2) P. E. Jacobson and P. W. Selwood, ibid., 76, 
(1954). 


Pure gamma-alumina was impregnated with 
cupric nitrate solution. The mixture was 
filtered after standing overnight, dried without 
washing, and heated in a stream of air at 
400°C for six hours. The catalysts containing 
0.44 to 16.6 per cent of copper were prepared. 
Using a Gouy balance as described previously, 
the magnetic susceptibility measurements 
were carried out at room temperature. The 
alumina used in this study was found to have 
a value of —0.3610-° per gram. The gram 
susceptibility of the cupric ion was estimated 
on the assumption that the magnetic suscepti- 
bilities of cupric, aluminum, and oxide ions 
are additive and those of the latter two are 
independent of the composition of catalysts. 
Curve A in Fig. 1 shows the susceptibility of 


3) Y. Matsunaga. This Bulletin, 30, 868 (1957). 
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Fig. 1. Relation of susceptibility (curve A) 
and relative intensity of ESR absorption 
(curve B) of cupric ion supported on 
gamma-alumina to its concentration. 
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Fig. 2. Derivative of ESR of cupric oxide- 
alumina catalyst. The sharp peak on the 
right hand side is due to DPPH (g~ 2.00). 


cupric ion plotted against the copper concentra- 
tion. The value below three per cent of copper 
appears to be nearly constant. The general 
feature of curve A is quite similar to the curve 
reported by Jacobson and Selwood 

The electron spin resonance absorption was 
recorded on a spectrometer made by Japan 
Electron Optics Laboratory Ltd. at room tem- 
perature and at a frequency of 10kMc./sec. 
No resonance absorption was found in massive 
cupric oxide with a field modulation of 15 


gauss; on the other hand, the derivative of 


resonance absorption as shown in Fig. 2 was 
obtained from all of our catalysts. The spec- 
trum seems to arise from the cupric ions with 
random orientation of tetragonal symmetry 
axes. The value of g; was estimated to be 
2.05 using the method proposed by Kneubiihl"”. 


4) F. K. Kneubihl, J. Chem. Phys., 33, 1074 (1960). 
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This absorption must be attributed to the cupric 
ions in the dispersed state and its intensity 
can be a measure of the amount of such cupric 
ions. The relative intensity was given by the 
ratio of the peak-to-peak intensity to the 
copper concentration, see I, of the derivative 
curve of resonance absorption in Fig. 2. Curve 
B in Fig. 1 gives the plot of relative intensity 
to the copper concentration. If our supported 
cupric oxide consists of a mixture of massive 
crystalline oxide and the cupric ions which 
contribute to the resonance absorption, curve 
B must show a plateau at low concentrations. 
The relative intensity of resonance absorp- 
tion was found in a sharp increase in the 
range where the susceptibility value was 
nearly constant. Therefore, we may conclude 
that the above view is incorrect. The presence 
of another kind of dispersed state, in which 
the cupric ions do not give resonance ab- 
sorption but do contribute to the increase 
of susceptibility value observed at low con- 
centrations, must be taken into consideration. 
We may assume that the decrease of copper 
concentration is accompanied by a continuous 
diminution in the average number of neigh- 
boring cupric ions surrounding each cupric 
ion. At low concentrations each cupric ion 
may have only a few paramagnetic neighbors, 
possibly separated farther than in massive 
crystalline oxide. The interaction between 
such dispersed cupric ions may be too weak 
to affect the susceptibility value of these cupric 
ions, but may contribute to the broadening of 
resonance absorption to some extent. It seems 
likely that the observed asymmetric resonance 
absorption arises from the completely isolated 
cupric ions, probably dissolved in alumina in 
the course of the preparation of catalysts, and 
the cupric ions dispersed on the surface of a 
carrier and under the weak interaction with 
neighboring cupric ions give too broad re- 
sonance absorption to be detected. 


The author wishes to express his hearty 
thanks to Professor Shizuo Fujiwara for his 
interest and encouragement. 
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Note on the Oxidation of Perylene in Strong Acids 


By Yoshio MATSUNAGA* 


(Received February 20, 1961) 


The color reaction in concentrated sulfuric 
acid is one of the characteristic properties of 
polycyclic aromatic hydrocarbons and quinones, 
and has been used by organic chemists for 
their identification. Handa has measured the 
absorption spectra of a number of aromatic 
compounds dissolved in sulfuric acid of various 
concentrations, and attempted to estimate their 
basicities’. On the other hand, it has been 
pointed out by several authors that aromatic 
hydrocarbons in sulfuric acid show ESR ab- 
sorption’. The paramagnetic species has 
been assigned by Weissman as a positive ion 
formed by oxidation. Hoijtink and Weijland 
have reported that the visible spectrum of a 
perylene solution in sulfuric acid resembles 
very closely that of a mononegative ion of 
this hydrocarbon’. 

In order to elucidate the nature of the 
species existing *‘n sulfuric acid we attempted 
to study the oxidation of perylene by the 
optical and ESR methods. We examined the 
absorption spectrum of perylene dissolved in 
70 per cent perchloric acid and observed two 
bands, at 503 and 530my, which are located 
at nearly the same position as the one in sul- 
furic acid (see Fig. la and c.). We attempted 
also the oxidation of perylene in perchloric 
acid using potassium ferricyanide and the iso- 
lation of the product. Weiss reported in 1941 
that the salts of some other aromatic hydro- 
carbons were prepared by oxidation in strongly 
acidic media. The black reaction mixture 
was washed with a slightly diluted perchloric 
acid, in which the oxidized perylene was found 
to be only very sparingly soluble, and examined 
by an ESR spectrometer at a frequency of 
9kMc./sec. and at room temperature. A sharp 
line with a width of about 2.4 gauss at a half 
power was found. The g-value corresponding 
to the center of the line was estimated, by 
comparison with DPPH, to be 2.0025-+0.0003. 
The solubility of the product in 70 per cent 
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perchloric acid was found to be much higher 
than that of the original hydrocarbon, so the 
main product seems to be ionic, probably the 
hydrocarbon perchlorate as described by Weiss. 
Unfortunately the solubility is still not high 
enough to examine ESR absorption in the 
dissolved state. 


Per cent absorption 


400 500 600 400 500 600 


Wavelength, mys 


Fig. 1. Absorption spectrum of perylene 
strong acids. 
Dissolved in concentrated sulfuric acid 

, Oxidized perylene in 70 per cent per- 

chloric acid 
Dissolved in 70 per cent 
acid 

d, After warming of c for a short time 


perchloric 


The spectrum of the oxidized perylene has 
two bands which are located exactly at the 
same positions as those obtained by the direct 
dissolution of the hydrocarbon in perchloric 
acid. However, as shown in Fig. 1b, after 
oxidation the intensity of the band at lower 
wavelength became appreciably higher than the 
other. Although Dallinga and others have 
observed a similar spectrum of perylene by the 
dissolution in hydrogen fluoride and by the 
contact with oxygen, the band at higher wave- 








1294 Shin-ichi TAIRA 


length was found to be stronger in their case”? 
It seems to be evident that the band at lower 
wavelength is due to the paramagnetic ion 
formed by oxidation and the other is due to 
some other species derived from perylene. It 
is unlikely that the latter species is the 
protonated perylene, because no strong band 
was Observed in this region of the spectrum 
of perylene in oxygen-excluded hydrogen 
fluoride’. The oxidation of perylene without 
the addition of an oxidizing reagent seems to 
be due to the presence of molecular oxygen 
dissolved in perchloric acid or combined with 
the hydrocarbon**. An attempt to accelerate 
the oxidation reaction of perylene in perchloric 
acid was made by warming. However, the 
band at 503 my decreased its intensity quickly 
(see Fig. Id.). This observation shows that the 
band at the low wavelength side is due to a 
unstable species and seems to be not incon- 
sistent with the above conclusion. 


6) G. Dallinga, E. L. Mackor and A. A. Verrijn Stuart, 
Mol. Phys., 1, 123 (1958). 

** Although we have no direct evidence that perylene 
molecule combines with oxygen, mesonaphthodianthrene, 
which has a similar molecular structure to perylene, was 
found to give a paramagnetic molecular complex with 
oxygen, see Y. Matsunaga, Can. J. Chem., 38, 323 (1960). 
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As it is convincing that only a part of 
perylene dissolved in concentrated sulfuric acid 
is paramagnetic’’”, there must be again two or 
more species derived from perylene. Therefore, 
it seems likely that, as shown by the presence 
of a shoulder on the low wavelength side, the 
band due to the monopositive ion in sulfuric 
acid overlaps the band due to some other 
species. 

The author attempted also the oxidation of 
tetracene in perchloric acid using ferricyanide 
and obtained a deep green solution and an 
unstable black precipitate. The absorption 
spectra of tetracene oxidized in perchloric acid 
and tetracene dissolved in sulfuric acid are rather 
complicated and the intensity ratios of bands 
depend on the time. Although the complete 
assignment has not yet been made, it appeared 
that there are three or more common species 
in these two solutions. 
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Reduction of Some Carbonyl Compounds with 


Urushibara Catalysts Prepared by Various Modified Methods 


By Shin-ichi TAIRA 


(Received March 17, 1961) 


In the preceding paper? of this series, 
catalytic reduction of acetophenone’ with 
various Urushibara nickel catalysts, especially 
with the catalyst prepared from preserved 
precipitated nickel and with the regenerated 
catalyst, was reported. The procedure for pre- 
paring the Urushibara catalysts has been 
successively modified and some varieties of the 
catalysts, namely, U-Ni-B’-”, U-Ni-BA®:®:®, 


1) Part VIII: S. Taira, This Bulletin, 34, 1072 (1961). 

2) Y.Urushibara and S. Nishimura, ibid., 27, 480 (1954). 

3) Chem. Soc. Japan, ed., “‘Jikken Kagaku K6za”’, 
Vol. 17, Part 2, Maruzen, Tokyo (1956), p. 311. 

4) Y. Urushibara and K. Hata, Kagaku Kégyd, 7, 15 
(1956). 

5) K. Hata and S. Taira, Kagaku Gijutsu, 2, 42 (1958). 

6) K. Hata and S. Taira, J. Soc. Org. Synth. Chem. 
Japan (Yuki Géseikagaku Kydkai-shi), 16, 596 (1958). 

7) S. Taira, This Bulletin, 34, 261 (1961). 

8) K. Hata, S. Taira and I. Motoyama, ibid., 31, 776 
(1958). 


U-Ni-NH;”, U-Ni-CB”, U-Ni-A*-*:!, U-Ni- 
AA!», U-Ni-CA”, U-Co-B’:?:!2:13), U-Co-CB”, 
U-Co-A’!3), U-Co-CA”, U-Cu” and U-Cu- 
C”, were developed. Each of them has intrinsic 
characteristics and can be used properly in 
accordance with the substance to be reduced. 
The preparation of the Urushibara catalysts 
is divided into two steps, that is, the prepara- 
tion of precipitated metals and the digestion 
of them with acid or alkali. Therefore the 


9) S. Nishimura and A. Sugimori, J. Chem. Soc. Japan, 
Pure Chem. Sec. (Nippon Kagaku Zasshi), 81, 314 (1960). 

10) Y. Urushibara, S. Nishimura and H. Uehara. This 
Bulletin, 28, 446 (1955). 

11) K. Hata, K. Watanabe and H. Watanabe, ibid., 32, 
6 (1959). 

12) S. Saito, J. Pharm. Soc. Japan (Yakugaku Zasshi), 76, 
351 (1956). 

13) Chem. Soc. Japan, ed., ““Jikken Kagaku K6za”, 
Vol. 17, Part 2, Maruzen, Tokyo (1956), p. 334. 


September, 1961] 


nature of an Urushibara catalyst is decided by 
the method of preparation and digestion of 
precipitated metal. 

In the present paper, reductions of deoxy- 
benzoin, benzoin, benzil and furil with the 
Urushibara catalysts prepared by various 
methods are studied, and the further modifica- 
tions of the preparation of the catalyst are 
presented. 


Experimental 


Apparatus.—Reductions were carried out in an 
electro-magnetically stirring type autoclave having 
a capacity of 100ml. (the Sakashita SE-10 type). 
For the reduction of furil, SE-20 (200 ml. capacity) 
was used. 

Materials.—Deoxybenzoin was prepared from 
phenylacetyl chloride and benzene by the Friedel- 
Crafts reaction™. The crude material was purified 
by distillation under reduced pressure and then 
recrystallized from methanol, b. p. 159.5~160.5°C 
6 mmHg, m. p. 55~56°C. 

Benzoin was prepared from benzaldehyde’. The 
crude product was recrystallized three times from 
ethanol, m.p. 133~134°C. 

Benzil was prepared by catalytic oxidation of the 
benzoin with ammonium nitrate’. The raw product 
was recrystallized from methanol, m. p. 96.5~97°C. 

Furil was obtained by the same manner from 
furoin prepared from furfural! , m. p. 165°C. 

General Procedure for Reduction.—Catalyst was 
carefully transferred with ethanol into the autoclave. 
Then the air present in the autoclave was replaced 
by hydrogen gas four times. Most operations were 
carried out under the following conditions: (1) 
Catalyst was prepared so as to contain 0.5 g. of 
nickel metal. (2) Sample; 0.05 mol. (deoxybenzoin 
9.8g., benzoin 10.6g., benzil 10.5g., furil 9.5g.). 
(3) Solvent ; ethanol (99%) 50 ml. (4) pH; 9~11. 
When U-Ni-A, U-Ni-CA or U-Cu-C was used, 
0.5ml. of 5% sodium hydroxide solution was added. 
(5) Agitation ; 40~45 strokes per minute. (6) Reaction 
temperature ; 60~68°C. Agitation was started when 
the temperature in the autoclave reached 60°C. The 
heating of the autoclave was regulated so as to get 
to 60°C within 30~35 min., and then the temperature 
was kept between 60 and 68°C throughout the 
operation. (7) Initial pressure; 50~100 kg./cm*. 
As it has been recognized® that initial pressure 
affected only slightly the velocity of reduction of 
the carbonyl group under 100 kg./cm?, the effect of 
initial pressure was ignored. Depression of pressure 
was observed at intervals of 5min. When U-Cu-C 
was used, reduction was carried out with the 
catalyst prepared so as to contain 1g. of copper 
and at about 130°C. 

Reduction Products.—Phenylbenzylcarbinol.—After 
the reduction of deoxybenzoin was finished, the 


14) C. F. H. Allen and W. E. Barker, “‘ Organic Synthe- 
ses*’, Coll, Vol. II (1948), p. 156. 

15) R. Adams and C. S. Marvel, ibid., Coll. Vol. 1, p. 94. 
16) M. Weiss and M. Appel, J. Am. Chem. Soc., 70, 3666 
(1948). 

17) W. W. Hartman and J. B. Dickey, ibid., 55, 1228 
(1933). 
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catalyst was filtered off and washed with ethanol. 
The major part of ethanol was distilled off and the 
hot residue was poured into hot water with stirring 
and the mixture was cooled in an ice-bath. The 
precipitate was filtered off and dried. It was 
recrystallized from petroleum benzin into colorless 
needles, m.p. 66~67°C. Yield, 91~94% of the 
theoretical. 

Hydrobenzoin. — After the reduction of benzoin 
was finished, the catalyst, mixed with some crystals 
separated out, was filtered off and washed with hot 
ethanol to dissolve the crystals. From the combined 
filtrate, the major part of ethanol was removed by 
distillation. The hot residue was poured into hot 
water with stirring. After cooling, the crude hydro- 
benzoin was filtered off and dried. It was recrys- 
tallized from aqueous ethanol into colorless scales, 
m. p. 139~140°C. Yield, 90~93% of the theoretical. 

Benzoin.—After the partial reduction of benzil 
was finished, the contents were filtered off and 
washed throughly with hot ethanol. After removal 
of the major part of ethanol from the combined 
filtrate, benzoin crystallized in prisms, m. p. 132~ 
134°C. Yield, 76~80% of the theoretical. 

Furoin.—After the reduction of furil, the product 
was treated by the same procedure as is described 
above. Pale yellow prisms, m. p. 137~138°C. Yield, 
79~81% of the theoretical. 

Preparation of Catalysts.—The U-Ni-B*-®, U 
Ni-A’-®&.19, U-Ni-CB® and U-Ni-CA® were pre- 
pared by the methods described in the references 


_cited. The others were prepared by the methods 


described below. 

Precipitated Nickel Prepared by a _ Simplified 
Method.—To the well mixed zinc dust (10g.) and 
water (4ml.) placed in a 50 ml. beaker 4.04g. of 
the crystals of commercially available nickel 
chloride (NiCl2-6H2O) is added at once and the 
mixture is stirred with a glass rod. Soon reaction 
begins and a vigorous reaction takes place suddenly 
within a few minutes. The reaction mixture swells 
up into a slushy mass. It is washed with 200 ml. 
of cold water, and then the washing is filtered or 
removed by decantation. Thus about 13.5g. of 
precipitated nickel, containing about 1g. of nickel 
contaminated with a quantity of zinc, zinc oxide 
and basic zinc chloride, was obtained. 

U-Ni-B was prepared from the above described 
precipitated nickel (containing 0.5g. of nickel) by 
digesting with 80g. of 10% sodium hydroxide 
solution at about 50°C for 15min. The upper 
liquor was decanted and the residue was washed 
with two 50 ml. portions of water and then with 
the same amount of ethanol. The obtained catalyst 
was less bulky than the usual U-Ni-B and carried 
a black color (the usual U-Ni-B has rather grayish 
appearance). Every washing was removed by 
decantation. 

U-Ni-A was prepared from the same precipitated 
nickel (containing 0.5g. of nickel) by treatment 
with 75 ml. of 20% acetic acid at ordinary tem- 
perature until the generation of hydrogen gas 
subsided and a solid came up to the surface of the 
green solution. The solid was collected on a glass 
filter and washed with each 100ml. portions of 
water and ethanol. 
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U-Ni-A Obtained by Treatment of the Precipitated 
Nickel with Hydrochloric Acid, Abbreviated as U-Ni 
A( HC1).—The precipitated nickel (containing 0.5 g. 
of nickel), prepared by normal or simplified method, 
was digested with 240ml. of 0.75N hydrochloric 
acid at ordinary temperature for about one minute 
until a solid came up to the surface of the green 
solution. The solid was collected on a glass filter 
and washed with 200ml. of water and then with 
100 ml. of ethanol. 

U-Cu-C.—The precipitated copper was prepared 
by the same way as was reported in the previous 
paper?. It was treated with 200 ml. of 20% acetic 
acid on a boiling water bath at 80~90 C for about 
20 min. At the end of the digestion a_ solid, 
adsorbing hydrogen gas, came up to the surface of 
the solution likely in case of preparing the U-Ni-A. 
The solid was collected on a glass filter and washed 
with 200ml. of water and then with 150ml. of 
ethanol. About 2.3~2.5g. of bulky catalyst, con- 


taining copper (about 1g.) and zinc, was obtained. 
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In all procedures, distilled water was used fot 
washing except for the preparations of precipitated 
metals. The solid should be protected from contact 
with air as far as possible after the treatment of 
precipitated metals with acid or alkali. 


Results and Discussion 


In the reduction of benzophenone” and 
acetophenone”? to the corresponding alcohols 
with various Urushibara catalysts, the U-Ni-A 
was found to be the most useful catalyst. The 
same conclusion was confirmed also in the 
reduction of deoxybenzoin, benzoin and benzil. 
The U Ni-CB was also found to be highly 
active (Tables I, If and III). 

Modification of the Preparation of the 
Catalyst.—As was reported in the preceding 
paper’, the preparation of the Urushibara 
nickel catalyst was fairly simplified. The 


TABLE I. REDUCTION OF DEOXYBENZOIN 
Deoxybenzoin 9.8g. (0.05 mol.); solvent: ethanol (99%, about 50 ml.) 
; — ; Total weight of Initial press. Initial temp. Reaction temp. Time” 
Exp. No. Catalyst catalyst, g.™ kg./cm- Cc . min. 
11 U-Ni B ce 2 56 22 60~62 30 
12 U-Ni-CB 4.3 58 27 62~65 18 
13 U-Ni-A® 0.7 56 18 60~61 17 
14 U-Ni-CA® 0.4 60 20 60~63 22 


a) Each catalyst was prepared so as to contain 0.5g. of nickel. 
b) The figures were obtained by weighing the dried catalyts after use for reduction. 
c) The figures show the time required from the start of agitation (when the temperature reached 


to 60°C) till the cease of pressure depression, which had been observed every minute. 


d) O.5ml. of 5% sodium hydroxide solution was added. 


TaAsce II. 


REDUCTION OF BENZOIN WITH VARIOUS URUSHIBARA NICKEL AND 


URUSHIBARA COPPER CATALYSTS 


Benzoin 10.6g. (0.05 mol.); solvent: enhanol (992%, about 50 ml.) 


Exp. No Catalyst" aoe i ——- ene: temp. — 
21 U-Ni-B 3.5 59 22 60~61 100 
22 U-Ni-B ce 55 16 60~65 50 
23 U-Ni-B” 2.8 64 30 60~66 60 
24 U-Ni-B” 2.6 54 20 60~64 50 
25 U-Ni-CB » 60 30 60~61 50 
26 U-Ni-CB 4.6 60 26 61~63 17 
27 U-Ni-A? 0.7 55 21 65~67 10 
28 U-Ni-A® 0.6 60 23 60~64 20 
29 U-Ni-Ac:4 0.4 67 26 62~64 35 
210 U-Ni-Ac') 0.5 57 23 61~64 25 
211 U-Ni-A(HCI)® = 0.25 53 28 60~66 115 
212 U-Ni-A(HCI)*® 0.3 56 26 62~64 85 
213 U-Cu-C® 2.3 38 23 130~132 30 
a) Each U-Ni catalyst was prepared so as to contain 0.5g. of nickel. The U-Cu catalyst was 


prepared so as to contain | g. of copper. 


b) The figures were obtained by weighing the dried catalysts after use for reduction. 


c) The catalyst was prepared from the newly 
part). 


developed precipitated nickel (cf. Experimental 


d) 0O.5ml. of 5% sodium hydroxide solution was added. 
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REDUCTION OF BENZIL WITH VARIOUS URUSHIBARA NICKEL AND 
URUSHIBARA COPPER CATALYSTS 


TABLE III. 


Benzil 10.5g. (0.05 mol.); solvent: ethanol (999%, about 50 ml.) 


Exp. No. Catalyst® a ~~ —e- mene. temp. — 
31 U-Ni-B 3.4 93 22 60~64 120(45,75) 
32 U-Ni-B 4.9 96 26 60~68 165 (60, 105) 
33 U-Ni-B® _- 80.5 30 60~66 75 (20, 55) 
34 U-Ni-B4 2.8 90 23 60~65 100(35, 65) 
| 35 U-Ni-CB 5.6 97.5 25 63~66 35(10, 25) 
36 U-Ni-CB 4.2 101 26 59~66 95 (20, 75) 
I 37 U-Ni-A° 0.65 95 20 60~66 25(10, 15) 
38 U-Ni-A® 0.7 84 20 58~61 110(40, 70) 
39 U-Ni-A‘@e 0.35 42.5 23 60~68 55 (20, 35) 
310 U-Ni-A‘-e 0.35 42 22 60~66 90 (30, 60) 
311 U-Cu-C”> 22 80 24 128~138 55 (20, 35) 


a) Each U-Ni catalyst was prepared so as to contain 0.5g. of nickel. The U-Cu catalyst was 


prepared so as to contain |g. of copper 


b) The figures were obtained by weighing the dried catalysts after use for reduction. 

c) The figures in the parentheses are the time required for reducing each carbonyl group, the 
first figures being for the first carbonyl group. 

d) The catalyst was prepared from the newly developed precipitated nickel (c.f. Experimental 


part). 


e) 0.5ml. of 5% sodium hydroxide solution was added. 
f) Supplementary hydrogen gas was charged three times when the pressure dropped to 30 kg./cm*. 


activity of U-Ni-A or U-Ni-B, prepared from 
the preserve’ precipitated nickel, being the 
same as that of the catalyst obtained from the 
freshly prepared precipitated nickel, time can 
be saved to prepare the catalyst if a large 
quantity of the precipitated nickel is previously 
reserved. On the other hand, the recovered 
Urushibara nickel catalysts can be repeatedly 
used by a simple process of regeneration, 
especially in form of the U Ni-A. 

As the process for the preparation of the 
Urushibara nickel catalyst is divided into the 
preparation of the precipitated nickel and the 
treatment of it with acid or alkali, the modifica- 
tion of preparing a catalyst can be devised in 
each of both procedures. Already many 
modifications have been accomplished, and 
varieties of the catalyst were reported. The 
precipitated nickel prepared at low temperature 
gives a highly active Urushibara nickel C. But 
the preparation of it requires so much time, 
that a favorable feature of the Urushibara 
catalysts to be prepared in a short time is lost. 
In case of preparing the precipitated nickel 
from hot aqueous nickel chloride solution and 
zinc dust on a boiling water bath, a vigorous 
exothermic reaction is observed. If the heat 
of the reaction is utilized, the time for pre- 
paring the precipitated nickel will be shortend 
and the procedure may be simplified. For the 
purpose of attaining this request, it may be 
suitable to use the concentrated solution of 
nickel chloride in place of the diluted solution 


used in the usual preparation. Thus, the first 
attempt was the addition of a very concentrated 
nickel chloride solution onto a dry zinc dust, 
but this method was unsuccessful as the reac- 
tion was so vigorous that an uniform agitation 
was impossible and an uniform deposition of 
nickel metal on the particles of zinc could 
not be expected. After several trials, it was 
found that the most profitable method consists 
in adding crystals of nickel chloride to the 
mixture of zinc dust and a little water, and a 
good precipitated nickel could be prepared in 
a few minutes. 

In the preparation of the U-Ni-A by digest- 
ing the precipitated nickel with acid, acetic or 
propionic acid has been used and formic, 
butyric and hydrochloric acids had been regarded 
as unprofitable**:'. Supposing the action of 
the acid is to activate the precipitated nickel 
by generating hydrogen gas, removing the 
deactivating substances and eroding the sur- 
faces of nickel particles'», there is no reason 
that hydrochloric acid cannot be applicable 
except for some special poisonous action to a 
nickel catalyst. Therefore the nickel catalyst 
obtained from the precipitated nickel by treat- 
ment with hydrochloric acid is expected to 
have ability of hydrogenation though it may 
be lower than those of the other Urushibara 
nickel catalysts. 

Comparison of the Activities of Various 
Catalysts.—The results of reduction of benzoin 
and benzil with the usual Urushibara nickel 
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TABLE IV. PARTIAL REDUCTION OF a@-DIKETONES 


_ ~~ ~~ Catalyst™ Sa Reaction temp. a oe Yield 

41 Benzil 10.5g. Ethanol U-Ni-A 80 20 100 Benzoin 76 
(0.05 mol.) (50 ml.) 

42 Benzil 10.5g. Ethanol U-Ni-A™ 85 a 115 Benzoin 80 
(0.05 mol.) (50 ml.) 

43 Furil 9.5g. Ethanol U-Ni-A 56 60~63 90 Furoin 81 
(0.05 mol.) (100 ml.) 

44 Furil 9.S5g. Ethanol U-Ni-A™ 60 60~62 100 Furoin 79 
(0.05 mol.) (100 ml.) 


a) Each catalyst was prepared so as to contain 0.5g. of nickel, and 


of 5% sodium hydroxide solution was added. 
b) The catalyst was prepared from the newly developed precipitated nickel (cf. Experimental part). 


catalysts and with the newly developed ones 
are tabulated in Tables II and III. In con- 
sideration of the condition of preparing the 
newly developed precipitated nickel, it is 
expected that it possesses both natures of the 
precipitated nickels prepared in hot and in 
cold conditions. Accordingly the nature of the 
catalyst obtained from it may be situated 
between those of the usual Urushibara nickel 
and the Urushibara nickel C. When the 
Urushibara nickel catalysts of B type (prepared 
by digestion with alkali) are used for the 
reduction in an autoclave, the rates of reduction 
are influenced by the factors such as the 
fineness and dispersability of the catalyst, the 
bulk and the -kind of carrier (e.g. zinc, zinc 
oxide) ete. On the other hand, as the Urushi- 
bara nickel catalysts of the A type (prepared 
by digestion with acid) contain only small 
quantities of zinc and zinc compounds, if any, 
and are less bulky than the B type, the in- 
herent activities of the catalysts may dominate 
the velocities of reduction. In consideration of 
these facts, the time required for the completion 
of reduction with various Urushibara nickel 
catalysts is compared with each other. The 
activity of each catalyst is not always constant, 
but it can be approximately estimated by 
repeated experiments. Both for the reduction 
of benzoin and benzil, the usual U-Ni-A gives 
the best results. The U-Ni-A prepared from 
the newly developed precipitated nickel is 
somewhat inferior to the usual U-Ni-A, but 
has enough activity for practical use. The 
activity of the Urushibara nickel catalysts has 
been studied*:'*, in connection with the size 
of their crystallites, which was estimated by 
X-ray diffraction method. According to the 
authors, the more vigorous the reaction to 
prepare the precipitated nickel takes place, the 
smaller the crystallites of the obtained catalyst 
become, and the activity of the catalyst is 
lowered with the growth of the size of crystal- 


18) Y. Urushibara, M. Kobayashi, S. Nishimura and H. 
Uehara, Shokubai, 12, 107 (1956). 


in each operation 0.5 ml. 


lites. The size of crystallites of the highly 
active Urushibara nickel catalysts was reported 
to be about 40 A and the same as that of the 
Raney nickel catalyst. The values obtained by 
the present author were 39~45 A for the usual 
U-Ni-A, and 33~41 A for the modified U-Ni 

A obtained from the newly developed pre- 
cipitated nickel. On the whole the size of 
crystallites of the modified U-Ni-A was found 
to be smaller than that of the usual U-Ni-A. 
Therefore, the activities of the freshly prepared 
catalysts may not be discussed only from a 
standpoint of the size of crystallites, although 
the catalyst used in Exp. No. 39 gave a smaller 
value (33 A) than that (37 A) of the catalyst 
used in Exp. No. 310. 

The U-Ni-A prepared by digesting the pre- 
cipitated nickel with hydrochloric acid was 
proved to be still active though it was inferior 
to the other U-Ni-A. The cause may be 
partly due to the small contents of nickel 
metal and partly to the adsorption of some 
chlorine compound on the surface of the 
catalyst. As it has been previously reported’, 
the Urushibara copper catalyst has an activity 
for reduction of a carbonyl group and the U 
Cu-C is superior. But the treatment of the 
precipitated copper with acetic acid at room 
temperature requires much time. If the tem- 
perature of digesting the precipitated metal 
with acid affects the activity only slightly, it 
is advantageous to operate the digestion at 
high temperature. The results obtained with 
such catalyst are given as Exp. Nos..213 and 
311 in Tables II and III. 

Partial Reduction of a-Diketones.In every 
experiment on the reduction of benzil, a sudden 
fall of hydrogen uptake was observed after a 
certain quantity of hydrogen had been absorbed. 
It is conceivable that the reduction of one 
carbonyl group of the two has been finished 
at this point. Then, the partial reduction of 
a-diketones to a-ketols is expected to be 
possible under suitable condition. It was 
realized in the reduction of benzil and furil, 
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and the results of the partial reduction are 
shown in Table IV. In case of reducing a 
carbonyl group to the corresponding alcohol, 
it has been noticed that the velocity of hydro- 
gen uptake increases at about 60°C and that 
the reduction is promoted by a trace of an 
alkali. The reduction in neutral solution being 
presumed to require a long time for the com- 
pletion”, the reduction of benzil to benzoin 
was carried out with the U-Ni-A added with 
a little quantity of alkali at room temperature. 
On the other hand, the partial reduction of 
furil was practised at about 60°C and in a 
large quantity of ethanol, as furil dissolves 
only slightly in ethanol at room temperature. 


Summary 


The catalytic reduction of deoxybenzoin, 
benzoin, benzil and furil with various Urushi- 
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bara catalysts under high pressure were studied. 
It was found that benzil and furil was con- 
verted into the corresponding a-ketols by the 
partial reduction under proper condition. 
Some modifications for the preparation of 
the Urushibara catalyst were attained. The 
newly developed precipitated nickel prepared 
by a very simple way proved to give a catalyst 
as active as the usual Urushibara nickel catalyst 
for practical use. Hydrochloric acid was found 
to be applicable for the digestion of the pre- 
cipitated nickel in place of acetic acid. 


The author expresses his sincere gratitude 
to Professor K. Hata for his helpful advice 
and encouragement throughout this work. 
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Conformation and Reactivity of 4-Methylcyclohexylmethyl p-Tosylates 


By Nobuo Mor! 


(Received January 23, 1961) 


The important relation between conformation 
and reactivity in a cyclohexane system which 
contains a departing group directly bound to 
the cyclohexane ring and in an acyclic system 
has been applied in many areas of organic 
chemistry”. 

The present work desires to confirm the 
effect of conformation on the reactivity in a 
cyclohexane system which contains a departing 
group bound through a methylene group to 
the ring, especially by means of substituted 
cyclohexylmethyl p-tosylates. For this purpose, 
novel ¢cis- and trans-4-methylcyclohexylmethyl 
p-tosylates have been prepared from the corre- 
sponding carbinols which form the basis of the 
p-tosylates, and they were solvolyzed. The 
cis- and trans-4-methylcyclohexylcarbinols are 
prepared by hydrogenolysis of the corresponding 
4-methylcyclohexanecarboxylic acid esters under 
severe conditions, at 250°C under 200atm. in 
the presence of copper-barium-chromium oxide 


1) For example, see M. S. Newman, “Steric Effects in 
Organic Chemistry’, John Wiley & Sons, Inc., New York 
(1956). 

2) R. G. Cooke and A. K. Macbeth, J. Chem. Soc., 
1939, 1245. 


catalyst for 10hr.22 The author has_ used 
advantageously lithium aluminum hydride in 
dry ether for conversion of the esters into the 
carbinols. 


Experimental 


Samples.— Cyclohexylmethyl p-Tosylate.—Benzalde- 
hyde (20g.) in ethanol (30cc.) was hydrogenated 
under 80 initial atm. at a temperature gradually 
raised to 100°C in the presence of Raney nickel 
(10g.) until no more hydrogen was absorbed. 
The filtered solution was distilled under reduced 
pressure to give the cyclohexylcarbinol, b. p. 74.5°C/ 
20 mmHg. The carbinol was treated with an 
equimolecular amount of p-toluenesulfonyl chloride 
in pyridine at 0~5°C, to give the p-tosylate as 
needles, m. p. 30.5°C after recrystallization from 
aqueous methanol. 

Found: C, 62.65; H, 7.51. Caled. for Ci4H20,S: 
C, 62.55; H, 7.44%. 

cis-4-Methylcyclohexylmethyl p-Tosylate.—A neutral 
solution of p-toluic acid (15g.) in 10% sodium 
hydroxide solution in an autoclave was hydroge- 
nated at 180~200°C under 90 initial atm. in the 
presence of Raney nickel (10g.) for 2.5hr. until 
no more hydrogen was absorbed. The filtered 
solution was worked up in the usual way, by 
making it acid with concentrated hydrochloric acid, 
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extracting the separated oily product with ether, 
evaporating the ether and distilling the residue 
under reduced pressure, to give the semi-solid mass 
(12g.), b.p. 129~130°C/15 mmHg, which melted 
at 107~108-C (reported 111°C) after one recrystal- 
lization from aqueous methanol. The acid (1.5g.) 
so obtained was esterified by refluxing it in ethanol 
(30 cc.) containing concentrated sulfuric acid (1 g.) 
for 2hr., to give the ethyl ester (1.6g.), b. p. 92~ 
93°C/28 mmHg. The ester in dry ether (Scc.) was 
added stepwise into a suspension of lithium alumi- 
num hydride (0.5 g.) in dry ether (50 cc.) at 0~5°C. 
After stirring for another half an hour, the reaction 
mixture was treated with a small volume of dilute 
sulfuric acid sufficiently to make the ether layer clear, 
and the layer was dried over potassium carbonate 
and evaporated to dryness. The oily product, which 
consisted mainly of cis-4-methylcyclohexylcarbinol, 
was treated with p-toluenesulfonyl chloride (1.5 g.) 
in pyridine (3cc.) and after 3hr. poured into a 
mixture of concentrated hydrochloric acid and ice 
to separate the oily mass which solidified after a 
few minutes. The solid was recrystallized from 
aqueous methanol to give the cis-tosylate (1.3 g.) 
as plates, m. p. 44.5~44.7°C. 

Found : C, 64.00; H, 8.05. Calcd. for C,;H220,S : 
C, 63.79; H, 7.85%. 

trans-4-Methylcyclohexylmethyl p-Tosylate.—p-Tolu- 
ic acid (8g.) in glacial acetic acid (60cc.) which 
had previously been treated with potassium perma- 
nganate, was hydrogenated at 70~80°C under 
atmospheric pressure in the presence of Adams 
platinic oxide catalyst (0.5g.)® for about 2hr. 
without any aeration of the catalyst until no more 
hydrogen was absorbed. The acetic acid was 
removed from the filtered solution under reduced 
pressure and the residue was distilled to give the 
hexahydro-acid (5g.), b. p. 133~134 C/20.4 mmHg 
(reported 135-C/20 mmHg*®). The acid (2g.) was 
similarly converted into the trans-tosylate as needles, 
m. p. 30.5~31.0°C and yield 1g. after recrystalliza- 
tions with slight difficulty from methanol in a dry 
ice-acetone bath. 


TABLE I. SUMMARY OF RATI 
CONSTANTS AT 99.8 C 


4-Substituent — Solvent pn ” 
mol./1. 

H L.37 HAcO 2.27 
1.60 EtOH 8.42 

cis-CHg 1.78 HAcO 4.34 
1.79 EtOH 7.68 

trans-CH, 1.80 HAcO 1.79 
1.79 EtOH 11.0 

Ethyl tosylate* 3.8~4.3 HAcO 5.08 

Isobutyl tosylate* 2.5~2.8 HAcO 2.28 


* Calculated from 8.47 10°®sec”™! and 3.79 
<10-®sec™! respectively in Ref. 6. 


3) G.H. Keats, ibid., 1937, 2003. 

4) This catalyst was prepared according to the method 
described in ‘Organic Synthesis”, Coll. Vol. L (1948), 
p. 463. 
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Found: C, 63.75; H, 7.84. Caled. for Ci;H220;S: 
C, 63.79; H, 7.85%. 

Solvolysis rates were measured at 99.8°C in 
ethanol (98.5% by weight) and in acetic acid con- 
taining a slight excess of acetic anhydride by the 
usual ampoule technique®. The reactions were 
followed by titrating at intervals for the sulfonic 
acid liberated during the solvolysis to ca. 50% 
completion because of slow velocity. The observed 
kinetics were nicely first order and the precision of 
the measurements was usually better than 5%. The 
calculated first order rate constants for the tosylates 
and also alkyl tosylates for a comparision are sum- 
marized in Table I. 


Discussion 


Difference in reactivity between the two 
departing groups restricted respectively in 
axial and equatorial orientation depends on 
the difference in energy of the ground state, 
rather than the transition state; and when the 
departing group is axial, there is a compensating 
steric acceleration due to relief of crowding 
between this axial group and the axial hydro- 
gen atoms in 7-position, and as a result of 
this the solvolysis should be quite facile for 
the axial group, for example as shown by the 
typical fact’? that cis-4-tert-butylcyclohexyl p- 
tosylate is solvolyzed at a rate about 3 times 
as fast as the corresponding trans-isomer. As 
a matter of course, the difference disappears. 
in the isomeric 1, 2-dimethylcyclohexyl brom- 
ides*? which are nearly equal in the energy 
of their ground states, and also in the isomeric 
1, 3-dimethylcyclohexyl chlorides’. 

Thus, in general, the high steric repulsion 
acting on the departing group as described 
above results in fast departure of the group, 
provided the transition state for solvolysis does 
not include at least any higher electronic 
effect, such as the inductive effect by substitu- 
ents especially in $-position or internal parti- 
cipation of neighboring groups or hydrogens, 
as shown in the fact’ that tras-2-acetoxyl- 
cyclohexyl p-tosylate is acetolyzed much faster 
than the corresponding cis-isomer. Such an 
electronic effect is probably not included in 
the transition states of the isomeric tosylates 
used in the present work. 

Preferred Conformation and Acetolysis.—The 
possible chair conformations of the isomeric 
tosylates used in the present work are as. 
follows : 


5) N. Mori, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 80, 1458 (1959); This Bulletin, 33, 
1144 (1960). 

6) S. Winstein and H. Marshall, J. Am. Chem. Soc., 44, 
1120 (1952). 

7) S. Winstein and H. J. Holness, ibid., 77, 5562 (1955). 

8) T. D. Nevitt and G. S. Hamond, ibid., 76, 4124 
(1954). 

9) H. C. Brown et al., ibid., 73, 212 (1951). 

10) S. Winstein et al., ibid., 70, 821 (1948). 
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trans-(1) trans-(I1) 
! 
~ - int 
eee ie 
cis-(1) cis-(11) 


where Ts is the p-toluenesulfonyl group. The 
trans-(1) should be more stable than the trans- 
(II). On the other hand, the difference in 
stability between the cis-(1) and cis-(1]) may 
be very small, and thus the cis-isomer is in 
the form of the cis-(I) in a considerable ground 
state concentration. Moreover, a_ favorable 
conformation of the p-toluenesulfoxymethyl 
group is very important, and for one in equa- 
torial orientation it may be represented by 
the e-(III]) and e-(IV) in Fig. 2, which are 
projected along the C; to C; axis and also 
accompanied by distances between non-bonded 
atoms in question, 





Fig. 2 


in which the conformation e-(II]) will be 
more stable than e-(IV), because in the former 
only the bulky tosyl group eclipses the equa- 
torial hydrogen on carbon atom 2 while in the 
latter the tosyl group eclipses the two axial 
hydrogens on carbon atoms 2 and 6. On the 
other hand, the toluenesulfoxymethyl! group in 
axial orientation has two possible conformations 
which are represented respectively by the a- 
(ill) and a-(IV) in Fig. 3, similarly projected 





ay 





a-(II1) 
Fig. 3 


The former, in which only the bulky tosyl 
group and equatorial hydrogen on carbon atom 
2 are opposite one another, should be of lower 
energy than the latter, in which the distance 
between the tosyl group and the two axial 
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hydrogens on carbon atoms 3 and 5 is very 
short. Thus, in such preferred conformations 
e-(1IL) and a-(IIl), the magnitude of repulsive 
action on the tosyl group in the axial toluene- 
sulfoxymethyl group may be of the same 
order as that in the equatorial one; and 
therefore it will be expected that the isomeric 
4-methylcyclohexylmethyl p-tosylates are sol- 
volyzed at a nearly equal rate, if only the 
steric repulsion in the ground states is the 
governing factor. However, in the present 
work, the solvolysis in acetic acid as a poor 
nucleophilic solvent gave the result that the 
ratio Of Keis/Ktrans WaS 2.4. The fact may be 
explained on the possible assumption that, if 
the solvolysis is a simple carbonium ion 
process and the solvolysis of the cis-isomer 
proceeds, at least in part, via the conformation 
a-(II1), the difference in energy between the 
ground state and the consequent possible 
carbonium ion, such as the a-(V) in Fig. 4, 
for the cis-isomer is very low as compared to 
that between the ground state e-(III) and the 
carbonium ion e-(V) for the trans-isomer. 
This assumption is probably right, since the 
high strain on the hydrogen atom in the 
methylene group in the ground state can 
substantially disappear in the consequent 
transition state, though the simple carbonium 


‘jon process is not always the governing consid- 





eration. 
a-(IIl) —— 
a-(V) 
on 
(I) — 38K van 
e-(V) 
Fig. 4 


Solvent Effect and Ethanolysis.—The rate of 
solvolysis of a given compound is generally 
altered by the solvating power or nucleophilic 
nature of a given solvent and the solvolysis 
includes usually solvation of the carbonium 
ion intermediate and nucleophilic assistance 
from the solvent molecules. Primary alkyl 
tosylates tend to be solvolyzed more rapidly 
in nucleophilic solvents such as ethanol than 
in acetic acid, and further the relative rates of 
krtou/kuaco for linear lower alkyl tosylates is 
higher than that for §-branched alkyl tosylates. 
For example, the ratio’? at 75°C is 39 for 
ethyl tosylate, 6.2 for isobutyl tosylate and 








1302 


0.28 for neopentyl tosylate. This would be 
partly due to the fact that variation from 
primary tosylate to S-branched alkyl tosylate 
would decrease the amount of nucleophilic 
assistance from the solvent. As the tosylates 
used in the present work are represented as 
the 5-branched alkyl compounds in structure, 
it is expected that behavior of the tosylates 
in various solvents is approximately in agree- 
ment with that of isobutyl tosylate. 

From Table II, it is seen that the rate of 
solvolysis of the trans-form increases according 
as the solvent changes from acetic acid to 
ethanol, in agreement with the behavior of 
primary alkyl tosylates, and the rate enhancing 
degree, that is, the ratio of Kron/kKuaco is 6.1. 
This rate increasing trend is partly due to the 
fact that, in the conformation e-(III) of the 
trans-form, ethanol molecules approach more 
easily to the reaction center atom C;, along 
the C.--C,; axis through the two hydrogens on 
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carbon atom 6 in a back side attack manner. 

On the other hand, the rate for the cis-form 
increases slightly under the same _ solvent 
sequence and the ratio is 1.7. This lower 
ratio would be mainly due to that in the con- 
formation a-(II]) of cis-form the axial hydro- 
gen on carbon atom 5 hinders a_ similar 
entrance of solvent molecules along the C, 
C, axis. 


TABLE Il. RELATIVE RATES IN 
DIFFERENT SOLVENTS 
4-Substituent H cis-CH, trans-CH, 

kre:ou/kKuaco mer By, 6.1 


The author expresses his sincere thanks to 
Professor Yojiro Tsuzuki for his advice. 
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General Properties 


By Akira AKAMATSU, Yoshiharu Izumi and Shiro AKABorI 


(Received February 27, 


In the previous paper’? of this series, the 
preparation of a silk-platinum catalyst, and its 
activity and stability were reported. This 
catalyst is extremely active for the hydrogena- 
tion of aromatic nitro compounds. 

In the present work it was found that this 
catalyst was relatively less active for the 
hydrogenation of other compounds, and showed 
behaviors in the catalytic reactions, quite 
unlike the so far known reactions of other 
platinum catalysts. It is probable that the 
difference is mainly due to the nature of the 
carrier silk-fibroin in this catalyst. Various 
reactions of this catalyst with poisons of cata- 
lysts are also described in the present paper. 


Catalytic Efficiency with Various Compounds 


In order to examine the catalytic efficiency 
of the silk-platinum catalyst'?, various com- 
pounds were tested for their power of reduction 
of 200 mg. of the catalyst per mole of hydrogen 
theoretically taken up, with 90kg./cm’ of 
hydrogen, in a 100ml. autoclave. The results 


1) A. Akamatsu, Y. Izumi and S. Akabori, This Bulletin, 
34, 1067 (1961). 


1961) 


are summarized in Table I, in’ which are 
recorded the conditions used for the hydro- 
genation reaction, the ratios of hydrogen taken 
up to the theoretical amount, and reaction 
products and their yields. 

Hydrogenation of Ketones.—-This catalyst 
was found to be capable of catalyzing the 
hydrogenation of acetone and ethyl methyl 
ketone to the corresponding alcohols, but was 
quite inactive for the cardonyl groups of 
mesityloxide and acetophenone. In general, it 
is probable that simple aliphatic ketones can 
be reduced in the presence of this catalyst, 
while reduction of carbonyl groups, conjugated 
with the C -C double bonds and attached to 
aromatic rings, may be impossible. 

Hydrogenation of Aldehydes. A _ very inter- 
esting phenomenon was observed on the hydro- 
genation of both acetaldehyde and benzalde- 
hyde in the presence of this catalyst. When 
hydrogen was introduced into the: reaction 
vessel before the reactant had been heated to 
the reaction temperature, reduction of these 
aldehydes did not take place. But, when 
previously heated reactant was shaken with 
hydrogen (indicated by an asterisk* in the 
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TABLE I. CATALYTIC REACTIONS WITH VARIOUS COMPOUNDS 
Substrate Solvent Cat. Temp. H.-Uptake React. time Product Yield 
(g.) (ml.) mg. i % min. % 
Acetone (29) 100 85 100 376 Isopropyl alcohol 79 
Ethyl methyl 100 85 100 207 sec-Butyl alcohol 89 
ketone (36) 
Acetophenone (24) 40 85 12 201 
Acetaldehyde (22) 100 50 0 - 
Acetaldehyde (22) 100 50* 92 451 Ethyl alcohol 90** 
Benzaldehyde (27) 100 50 0 —- 
Benzaldehyde (27) 100 15 140 310 E> ~-4 yee +o 
Benzaldehyde (27) 100 60* 130 66 fk - ~~5 eee "ios 
Allyl alcohol (29) 100 100 71 253 n-Propyl alcohol 70 
Maleic acid (12) aq. NaOH (65) 20 165 95 106 Succinic acid 81 
Mesityloxide (25) 100 13 88 1475 Isobutyl methyl 60** 
ketone 
Acrolein (28) 100 100 20 917 
Crotonaldehyde (35) 100 70* 0 “ 
Nitromethane (6) (CH;CO):0O(50) 60 45* 100 196 Methyl acetamide 90 
Diethyl nitro (CH;CO):0(50) 60 78 100 68 Diethyl! acet- 64 
malonate (21) aminomalonate 
Acetophenoxime(14) CH;OH(50) 40 70 95 934 pipe ony a 
amine 
Ethyl cyanide(11) CH;0OH (50) 80 60 0 
a-Ketoglutaric { CH;0H(35) 
acid (7) | 28%aq. NH;(15) 10 100 0 
7 


* 


table), the reaction occurred. Moreover, benz- 


aldehyde could be reduced even at room 
temperature. As a matter of further interest, 
it was found that the catalyst which was 


recovered after having failed to catalyze the 


reduction of benzaldehyde, showed a con- 
siderable increase in activity to hydrogenate 
nitrobenzene. Its reaction velocity (v)'? was 
100 at 21°C. 


Unlike the case with ketones, this catalyst 
seems to be more active for the reduction of 
aromatic aldehydes than for that of aliphatic 
aldehydes, as shown by comparison of the 
reduction of acetaldyde and benzaldehyde shown 
in the table. With the aliphatic aldehyde groups 
conjugated with the C-—C double bonds in 
acrolein and crotonaldehyde, hydrogen uptake 
hardly occurred. 

Hydrogenation of the C C Double Bonds. 
Tests on the redudtion of allyl alcohol and 
maleic acid showed that this catalyst is rather 
active in hydrogenating the C —C double bonds. 
In the hydrogenation of allyl alcohol, the 
reaction velocity was influenced by the pressure 
of hydrogen. The reaction proceeded slowly 
at a low pressure of hydrogen. On the other 
hand, it was somewhat difficult to reduce the 
C=C double bonds conjugated with the 
carbonyl groups in mesityloxide, acrolein and 


Hydrogen was introduced into the autoclave, after the reactant had been heated to this temprature. 
Estimated directly by gas-chromatography of the reaction mixture. 


crotonaldehyde. The double bonds in benzene 
rings were not reduced in the presence of the 
catalysts. 

Reduction of Aliphatic Nitro Compounds. 
This catalyst was found to be extremely active 
in hydrogenating nitro groups attached to 
aromatic rings, as described in the previous 
paper’. However, nitromethane and diethyl 
nitro malonate in acetic anhydride were both 
reduced much more slowly to give methyl 
acetamide and diethyl acetaminomalonate, 
respectively. 

Reduction of Acetophenoxime.--Hydrogena- 
tion of acetophenoxime took place rather 
slowly with this catalyst, yielding a-phenethyl 
amine and some a, a’-diphenethyl amine. 

Reduction of Ethyl Cyanide... Ethyl cyanide 
could not be reduced at all in the presence of 
this catalyst. 

Reductive Amination of a-Ketoglutaric Acid. 

It was expected that this catalyst would convert 
a-ketoglutaric acid to glutamic acid in the 
presence of ammonia and hydrogen, but the 
result was negative. 

As seen in the results described above, the 
catalytic reactions effected by the silk-platinum 
catalyst are quite different from the known 
reductions effected by other platinum catalysts. 
It may be inferred that the difference is due to 








1304 Akira AKAMATSU, Yoshiharu Izumi and Shiro AKABORI 


the characteristic spacing of the active centers 
on the silk-platinum catalyst, which are the 
result of the structure of the carrier fibroin 
protein. 

The difference between the catalytic efficiency 
of the silk-platinum and that of the platinic 
oxide catalyst in the hydrogenation of aromatic 
nitro compounds, was described in the previous 


paper’? of this series. 


Poisoning of the Catalyst 


The silk-platinum catalyst was found to be 
sensitive to poisonous substances or to chemical 
treatments. But the behavior towards catalytic 
poisons were somewhat different from that of 
the silk-palladium catalyst”. In examining 
these inhibitory effects, hydrogenation of 
nitrobenzene to aniline was adopted as the 
test system and the reaction velocity (v) was 
calculated as previously described’. 

Inhibition by Carbon Monoxide. Activity of 
the silk-platinum catalyst in hydrogenating 
nitrobenzene in the presence of carbon monox- 
ide was tested in comparison with that of 
the silk-palladium catalyst. For this purpose, 
carbon monoxide was mixed with hydrogen in 
various proportions, and introduced into the 
reaction system. The results obtained are 
shown in Table II. 


TABLE II. INHIBITION BY CARBON MONOXIDE 


Catalyst ne of CO — seers vel. 
0 19 41.7* 
0.1 23 8.3* 
0.1 50 35.7 
‘ { 5.0 21 0 
Silk-Pt a ; : : 
(40 mg.) a with pure 1 8.2 
~ 5.0 110 5.0 
f 10.0 100 0 
((recovered cat.) 0 16 15.0 
0 30 | 
: if 0.1 30 0.12** 
Silk-Pd 4 ; 
enlace . 5 
(200 mg.) _ aced with pure 0 0 
1.0 80 0.34 
* See Fig. 1. ** Calculated value. 


The silk-palladium catalyst was much more 
inhibited by carbon monoxide than the silk- 
platinum catalyst. The silk-platinum catalyst 
that had no catalytic action in the presence 
of carbon monoxide, recovered its activity to 
some extent in the absence of carbon monoxide. 
Furthermore, when little carbon monoxide was 
added (0.1%), the activity was restored even 
in the course of the reaction, as shown in Fig. 
1. It is probable that carbon monoxide is 
adsorbed by the active metals, sometimes 


2) Y. Izumi, ibid., 32, 936 (1959). 
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Fig. 1. Hydrogenation of nitrobenzene, 


@ in the absence of CO, at 19°C, 
© in the presence of 0.1% CO, at 23°C. 
forming coordinate linkages, thus preventing 
the catalytic action. The activity may be 
restored when the adsorption is partially 
removed by hydrogenation of the carbon 
monoxide (as in the case shown in Fig. 1), or 
by washing the poisoned catalysts with 
methanol. It seems that palladium adsorbs 
carbon monoxide more easily than platinum, 
and thus the silk-palladium catalyst was more 
inhibited than the silk-platinum catalyst. 
Inhibition by Benzyl Mercaptan.—_As shown 
in Table III, treatment of the catalyst with 
benzyl mercaptan and its addition to the 
substrate resulted in a remarkable decrease in 
the catalytic activity in hydrogenating nitro- 
benzene. It is probable, that the mercaptan 
inhibits the catalyst by directly blocking 
active platinum, as in the case of the silk- 
palladium catalyst”. 


TABLE III. INHIBITION BY BENZYL MERCAPTAN 

= React. l. 

Treatment Addition ng 32-C 
ag 48.2 
CH;,O0OH 33.8 
Cy.H;CH2SH*/CH;,OH - 5 


C;H;:CH2SH 2 mg.** 1.3 


* 1 mol. per mol. of platinum in the catalyst 
used. 

** 0.25 mol. per 
catalyst used. 


mol. of platinum in the 


Inhibition by Metal Ions.—In the case of the 
silk-palladium catalyst”, the activity was 
greatly lowered in the presence of ferric and 
cupric ions supplied as nitrates. Cupric ion 
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was somewhat more toxic than ferric ion. The 
silk-platinum catalyst was scarcely inhibited 
by ferric ion, as shown in Table IV. Cupric 
ion inhibited this catalyst considerably. The 
catalyst could not be reactivated by treatment 
with ethylenediamine tetra-acetic acid (EDTA). 
When the silk-palladium catalyst was similarly 
treated, however, it showed very powerful 
catalytic activity. These metal ions may form 
chelate linkages, though in a manner different 
from that of the silk-palladium catalyst, with 
the carrier protein to prevent the reactant 
from approaching the active platinum atoms. 


TABLE IV. INHIBITION BY METAL IONS 


er React. vel. 

Metal ion » at 32°C 
48.2 
—e 19 { 8&mg. (10°4 mol.) 36.8 
Fe(NO;)3; 12H,O0) 40 mg. 26.5 
5 mg. (10-4 mol.) 20.3 
. , |} (10 mg. 8.8 
Cu(NOs)2:3H20 4 | (treated with EDTA)* 2.6 
25 mg. 1.0 


* The catalyst was recovered (80%) and 
treated with 0.5% ethylenediamine tetra- 
acetic acid. 


Effect of Acetylation.._The activity of this 
catalyst remained unaffected by acetylation; 
the reaction velocity (v)'? with an acetylated 
silk-platinum catalyst was 33.0 at 32°C. This 
is not the case with the silk-palladium catalyst”. 


Experimental 


Preparation of the Catalyst.—The catalysts used 
in this work were prepared by the method of Ref. 
1 for the silk-platinum, and Ref. 3 for the silk- 
palladium catalyst. 

Isolation of the Products.—Reduction of Acetone. 

-The reaction mixture was filtered and the filtrate 
was distilled; b.p. 80~82°C. The product was 
identified as isopropyl alcohol by means of gas- 
chromatography. 

Reduction of Ethyl Methyl Ketone.—The product 
was isolated as above (b.p. 97.5~98.5°C), and 
identified as sec-butyl alcohol by gaschromato- 
graphy. 

Reduction of Acetaldehyde.—The reaction mixture 
was filtered and the filtrate was treated by gas- 
chromatography. The product was identified as 
ethyl alcohol, and the yield estimated. 

Reduction of Benzaldehyde.—The products were 
identified as benzyl alcohol and toluene and their 
yields were estimated by gaschromatography. 

Reduction of Allyl Alcohol.—The product distilling 
at 97~98°C was identified as n-propyl alcohol by 
means of gaschromatography. 

Reduction of Maleic Acid.—An aqueous solution 
of maleic acid adjusted to pH 7.0 with sodium 
hydroxide was subjected to reduction. The reaction 


3) Y. Izumi, ibid., 32, 932 (1959). 
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mixture was filtered and the filtrate evaporated to 
20 ml. It was then acidified with 20 ml. of con- 
centrated hydrochloric acid. After standing over- 
night, 9.5 g. of succinic acid (m.p. 184°C) was 
obtained. It was confirmed by ultraviolet spectro- 
scopy that the product was devoid of unsaturated 
bonds. 

Reduction of Mesityloxide._-The reaction mixture 
was filtered and the filtrate was subjected to gas- 
chromatography. The product was identified as 
methyl isobutyl ketone, and the yield estimated. 
Unreacted mesityloxide was also detected. 

Reduction of Nitromethane.—-After filtration of the 
reaction mixture, the filtrate was fractionally 
distilled under reduced pressure. The product, 
boiling at 95~96°C/17 mmHg, was identified as 
methyl acetamide by gaschromatography and _ in- 
frared spectroscopy. 

Reduction of Diethyl Nitro Malonate.—-The reaction 
mixture was filtered and the filtrate evaporated to 
20 ml. Thirty milliliters of water were added. After 
standing overnight, 14 g. of diethyl acetamino 
malonate (m. p. 93~95°C) was obtained. 

Found: N, 6.41. Calcd. for CgH:;0;N : N, 6.45%. 

Reduction of Acetophenoxime.—The reaction mix- 
ture, from which the catalyst had been removed, was 
evaporated to 30ml. To this was added 15 ml. of 
concentrated hydrocholoric acid and then 30 ml. of 
ether. After standing the solution in a refrigerator 
overnight, the crystals were filtered off, recrystal- 
lized from water, and identified as a, a'-diphenethyl 
amine hydrochloride (sublimed above 240°C). 


“Found: C, 73.52; H, 7.73; N, 5.22; Cl, 13.56. 
Calcd. for CigHoNCl: C, 73.55; H, 7.66; N, 5.32; 
Cl, 13.47%. 


The filtrate was evaporated to dryness and the 
residue dissolved in 20 ml. of methanol, to which 
was added 30 ml. of ether. After standing overnight, 
a-phenethyl amine hydrochloride was obtained. It 
was recrystallized from alcohol and ether; m. p. 
158°C. 

Found: C, 61.04; H, 7.80; N, 8.75, Cl, 22.45. 
Caled. for CsHizNCl: C, 60.95; H, 7.68; N, 8.89; 
Cl, 22.49%. 

Poisoning of the Catalyst.—-The reaction velocity 
(v) of the hydrogenation of nitrobenzene to aniline 
was measured and calculated by the method of the 
previous paper. 

Inhibition by Carbon Monoxide.—-Carbon monoxide 
was mixed with hydrogen in varying proportions 
and introduced into the reaction system. 

Preparation of Inhibited Catalyst.—-Two hundred 
milligrams of the silk-platinum catalyst (containing 
1/3000 mol. of platinum) was suspended in 100 ml. 
of methanol or in 100 ml. of 0.049, benzyl mercap- 
tan methanol solution (containing 1/3000 mol. of 
mercaptan), stirred for 15 min. washed with 
methanol and ether, and then dried in vacuo. 
Forty milligrams of this catalyst was used for the 
test. 

Treatment of the Inhibited Catalyst by Ethylene- 
diamine Tetra-acetic Acid (EDTA).-—-The inhibited 
catalyst was boiled with a 0.5% aqueous solution 
of EDTA for 5 min., filtered, washed with water, 
methanol, and then ether, and finally dried in 
vacuo ; 32 mg. (80%). 
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Acetylation of the Catalyst.—-One hundred milli- 
grams of the catalyst was boiled with 50 ml. of 
acetic anhydride for 2hr., filtered, washed with 
ether, and dried in vacuo. Forty milligrams of 
this catalyst was used for the test. 


Summary 


1. The silk-platinum catalyst showed quite 
different behaviors with various compounds 
from that of other platinum catalysts. The 
difference is probably due to the characteristic 
spacing of the active centers on the silk- 
platinum catalyst, due to the structure of the 
carrier silk-fibroin protein. 

2. The catalyst was found to catalize the 
hydrogenation of some aldehydes, unconjugated 
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aliphatic ketones and C-C double _ bonds, 
aliphatic nitro groups and oxime, more weakly, 
than that of the aromatic nitro groups. 

3. Carbon monoxide, benzyl mercaptan and 
cupric ion poisoned the catalyst, and the activity 
of the catalyst inhibited by cupric ion, was 
not recovered by treatment with ethylene- 
diamine tetra-acetic acid. 

4. Ferric ion scarcely inhibited the catalyst 
and acetylation of the catalyst scarcely de- 
creased its activity, unlike that of the silk- 
palladium catalyst. 
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Studies on the Composition and Properties of Less Familiar Metal 


Cyano Complexes. 1. 


Composition of Nickel and Cobalt 


Octacyanomolybdates by Electrometric Methods 


By Wahid U. MALIK and S. Iftikhar ALI 


(Received December 27, 1960) 


The chemical literature abounds in references 
on the properties and composition of metal 
complexes of alkali ferro- and ferricyanides but 
very little attention appears to have been paid 
to the study of the metal complexes of alkali 
octacyanomolybdates. The only work worth 
mentioning is that of Wardlaw and co-workers” 
who carried out studies on the metal complexes 
of silver, thallium, copper, etc. by the method 
of chemical analysis. It is a well known fact 
that the physical methods have got certain 
advantages over the methods of chemical anal- 
ysis in as far as that they not only provide 
precise information of the composition of the 
freshly precipitated complex but are able to 
eliminate the errors which might creep in 
during the washing and drying of precipitate 
possessing adsorptive and hydrolytic properties. 
Attention to this point was drawn by Bhatta- 


charya’ on the basis of the work carried out 
by him and his students on metal ferro- and 
ferricyanides. Since the metal complexes of 


alkali octacyanomolybdates appear to belong 


1 Ww 
2981 

2) A. K. Bhattacharya, 
Compounds, Part 1", 
(1959), p. 139 


Wardlaw and co-workers, J. 


Chem. Soc., 1927, 


“Proc. Symp. Coordination 
National Academy of Science, India 


to the class of metal ferrocyano complexes, 
it was thought worthwhile to employ physical 
methods for the elucidation of their composi- 
tion. 

The present communication deals with our 
studies on the nickel and cobalt complexes of 
potassium octacyanomolybdate employing con- 
ductometric, potentiometric and amperometric 
methods. Moreover these complexes have not 
so far been studied and are likely to open a 
new field for the physico-chemical studies on 
metal cyano complexes. 


Experimental 


The method recommended by Fieser* was followed 
for the preparation of potassium octacyanomolyb- 
date. All chemicals, molybdenum(VI) oxide, potas- 
sium thiocyanate, pyridine and potassium cyanide, 
used were A. R. samples. The crystallized product 
(golden yellow in color) was dried over calcium 
chloride in a vaccum dessicator. It was dissolved 
in water twice distilled by a all-glass, apparatus and 
its concentration was determined by titrating 
potentiometrically against the potassium permanga- 
nate solution of a known concentration. Potassium 
octacyanomolybdate(V) was prepared by the method 


3) L. F. Fieser, J. Am. Chem. Soc., 52, 5204 (1930). 
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recommended by Kolthoff* and standardized poten- 
tiometrically against potassium ferrocyanide. 

Nickel and cobalt chlorides of A. R. grade were 
used for preparing their solutions and their con- 
centrations were estimated gravimetrically after 
precipitating as nickel dimethylglyoxime and cobalt 
ammonium phosphate respectively. 

Conductometric titrations were done with the 
help of Cambridge conductivity bridge (No. L 
350140) with a bridge type conductivity cell (No. 
L-355234 and cell constant 0.36). Potentiometric 
titrations were performed with Tinsley potentio- 
meter (Type 338713) with a lamp and _ scale 
arrangement. The indicator electrode was the 
K,Mo(CN), <—* K3Mo(CN), + e couple obtained 
by dipping a bright platinum electrode in a solution 
of potassium octacyanomolybdate(IV) containing a 
little potassium octacyanomolybdate(V). 

In order to carry out amperometric studies, the 
constant potential to be applied during the course 
of titrations was first of all determined, taking in 
the polarographic cell I1cc. of 0.1™M salt solution 
in 0.1 M potassium chloride as supporting electrolyte, 
0.0003%. sodium methyl red for nickel(II) and 0.01% 
gelatin for cobalt(II) as maximum suppressor, the 
total volume made up to 20cc. The current was 
measured with Fischer Elecdropode in conjunction 
with Multiflex galvanometer (type MGF 2, sensi- 
tivity 1:10), in the external circuit. Polarograms 
were drawn and from the plateau the potentials to 
be applied for the amperometric titrations were 
found out. The votential applied during the course 





40} 


0 
ww 
a 


Conductance, 





_ — oe ee | 4 4 4 
0.2 040608 10 12 14 16 18 2.0 


K,Mo(CN), vol., cc. 


Fig. 1A. 40cc., 0.0025 mM (i) NiCl. and (ii) 
CoCl; vs. 0.05 mM KysMo(CN),. 
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Fig. 1B. 40cc. KsMo(CN), 0.0025 mM vs. 
0.1m (i) NiCls and (ii) CoCls. 


4) I. M. Kolthoff and W. J. Tomsicek, J. Phys. Chem., 
40, 247 (1936). 
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Fig. 2A. Curve (1), 10cc.0.01M K,Mo(CN), 
vs. 0.1M NiCls. Curve (2), 10cc. 0.02 m 
K,Mo(CN)s, vs. 0.1 M CoCly. 
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Fig. 2B. 10cc. 0.02m (1) NiCly and (2) 
CoCl, vs. 0.05 mM K,Mo(CN)s. 
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Fig. 3A. 20cc. (1) 0.005MmM NiCl, and (2) 
0.0075 mM CoCl. vs. 0.1 M K,4Mo(CN).. 
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of titrations for nickel(II) and cobalt(II), being 
1.2 and 1.4V. respectively. Electrodes used 


were the dropping mercury electrode and the S.C.E. 
Pure nitrogen was passed in order to maintain the 
inert atmosphere. All measurements were made 
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and reverse (K,;Mo(CN), 
performed with 
reactants. 

The results are summarized below. A few typical 
curves are shown in Figs. 1A, 1B, 2A, 2B and 3A, 


in the cell) titrations were 
different concentrations of the 


at 30+0.1 C. Both direct (salt solution in the cell) 3B. 
Results 
TABLE I. CONDUCTOMETRIC TITRATIONS 
Direct: Salt soln. in the cell. 
ee Vol. of 0.05 M K,Mo CN _Ratio— 
Gal oc Cone. from the curves, cc. Ps = 
: F NiCl, CoCl. Ni=*: Mo(CN),¢ Co**: Mo(CN).4 
40 0.00075 0.4 0.38 acta ae 
40 0.00125 0.53 0.55 2:1. 2:1.06 
40 0°0020 0.90 1.0 2.4 Et een 
40 0.0025 0.98 1.08 2:1.0 Et tes 
Reverse: Potassium molybdocyanide in the cell. 
K,Mo(CN). in the cell Vol. of vs M salt soln. Ratio 
Vol.. cc. Concn.. M trom the curves, CC. 2 ' = ; : 
‘ . NiCl, CoCl, Ni? *+: Mo(CN)sé Co-* : Mo(CN). 
40 0.0020 0.6 1.32 0.7 1.6 $22.35 2:0. BS & vee oe 
40 0.0025 0.76 1.85 0.88 2.0 ist.2; 2:0 4.82224 
TasBie Hl. POTENTIOMETRIC TITRATIONS 
Direct: Potassium molybdocyanide in the cell. 
K,Mo(CN)s Vol. of salt soln. from Ratio — 
Vol.. cc Concn.. m the curves, Cc. ; 
ideas - NiCl. CoCl. Ni-*+: Mo(CN),¢ Co**: Mo(CN).¢ 
10 0.02 3.8 4.1 2:70. 2.65 : 1 
10 0.0125 2.4 2.6 2: 1.04 zan <1 
10 0.01 2.0 2.1 2:1 Zz :1 
Reverse: Salt soln. in the cell. 
; : 5 va ; 
Salt soln. in the cell = of gehe K.Mo(CN)s R ove 
Vol.. cc. Concn - rom tl e curves, cc. ; 7 
' ‘ie NiCl, CoCl. Ni-*: Mo(CN),! Co:*: Mo(CN).! 
10 0.02 2.85 2.0 221.07 ae 
10 0.0125 ‘2 .F 221.08 2 : 0.87 
10 0.01 1.0 1.0 2:18 tee Fe 
TABLE III. AMPEROMETRIC TITRATIONS 
Direct: Salt soln. in the cell. 
Salt solution Vol. of 0.1m K,Mo(CN), Ratio 
Vol., cc. Cocn., M from the curves, cc, ovecieacemamne 
NiCl. CoCl, Ni? +: Mo(CN)«4 Co-*: Mo(CN).47> 
20 0.005 0.53 0.54 2: 1.01 2: 1.08 
20 0.0075 0.77 0.77 231.02 227382 
Reverse: K,Mo(CN), in the cell. 
K,Mo(CN)<, Vol. of 0.1m NiCl, Ratio 
Vol., cc. Concn., M from the curves, cc. Ni?*+ : Mo(CN),‘ 
20 0.0025 1.0 22% 
20 0.0030 le. 22% 
20 0.00375 Be 237 
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Discussion 


The reaction between nickel chloride/cobalt 
chloride and potassium molybdocyanide may 
be represented by the following stoichiometric 
equations: 


MCI, + KsMo(CN)s=K2MMo(CN)« 

+ 2KCI (1) 
3MCI, + 2K,Mo(CN)s = K2M;3(Mo(CN)s)> 

+ 6KCI (2) 
2MCI. + K;Mo(CN)s= M2Mo(CN)s 

4KCl (3) 
MCI, + xK,;Mo(CN)s = K2MMo(CN)s- 


(x —1)K;Mo(CN); + 2KCI (4) 
(adsorption complex) 


The results on conductometric, potentiomet- 
ric and amperometric titrations summarized in 
the foregoing paragraph give a ratio of 2M’*: 
IMo(CN);'~ pointing towards the formation 
of the complex M2Mo(CN)s; (M being Ni/Co) 
in accordance with Eq. 3 given above. Further, 
a ratio of 1:1 for the reactants is also found 
in the case of conductometric titration when 
the metal salt is added to the potassium 
molybdocyanide in the conductivity cell. For 
this ratio the complex formed would have the 
composition K,MMo(CN).. 

The combining ratios (both 2:1 and 1:1) 
show a slight discrepancy from the stoichiomet- 
ric equations. For almost all the different 
concentrations of the reactants employed for 
these titrations, the amount of potassium 
molybdocyanide required is larger than the 
theoretical values. This behavior can well be 
explained by assuming that the freshly precip- 
itated complexes have got the property of 
adsorbing Mo(CN);‘~ ion. An indirect proof 
of the adsorptive capacity of the complexes was 
forthcoming from our preliminary experiments. 
There it was found that the green precipitate 
of nickel molybdocyanide can be transformed 
into a stable sol when nickel chloride is added 
to a little excess of potassium molybdocyanide. 
However, mixing in the reverse order (K,Mo- 
(CN), to NiCl.) resulted in a thick precipitate 
rather than a sol. A similar behavior was 
found with cobalt molybdocyanide which could 
be obtained in the form of a stable orange 
colored sol by using excess of potassium 
molybdocyanide. 

The potentiometric studies need a special 
mention here. We observed that potentiometric 
titrations for this precipitation reaction can be 
successfully performed by employing a Mo- 
(CN) <«*~ <7Mo(CN)°~ +e couple at bright plati- 
num electrode. Typical curves (Fig. 2A) are 
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obtained when the metal solution is added to the 
solution of potassium molybdocyanide contain- 
ing a little potassium molybdicyanide. But in 
the case of reverse titrations (Fig. 2B) the 
curves are of a different nature, the e. m. f. 
increasing in the initial stages before showing a 
downward slope. This behavior points towards 
the fact that the molybdo-molybdicyanide 
couple attains equilibrium condition when an 
optimum amount of the reagent is present in 
the titrating cell. When sufficient amount of 
molybdocyanide has. been added from the 
burette the curves have got the typical nature. 

Amperometric titrations carried out with 
potassium molybdocyanide in the polarographic 
cell are different in shape than those which 
should be obtained on theoretical considera- 
tions, for such titrations (reducible ions added 
to non-reducible ions in the cell). The current 
increases appreciably on adding the titrant 
(Fig. 3B) and this is more so for Co’* solution 
(results not given). It was thought that the 
increase in current might be due to the 
formation of some intermediate soluble com- 
plex. The products of interactions at different 
stages in this region were taken separately and 
polarograms drawn. The £j;/2 in each case 
corresponded to the E£,;/,2 of Ni** (—1.1 V.) 
and Co** (—1.2V.) thereby showing the non- 
existence of a soluble complex in between. 
Titrations with the metal solution in the cell 
(Fig. 3A) were of the same nature as required 
on theoretical grounds. It is quite likely that 
the colloidal nature of the solution in the former 
case influence the performance of the dropping 
mercury electrode and typical curves are not 
obtained there. 


Summary 


The composition of the freshly precipitated 
nickel and cobalt cyano molybdates was 
determined using conductometric, potentiomet- 
ric and amperometric methods. The nickel 
compound is green in color and its composition 
may be represented as NixMo(CN)s. The orange 
precipitate of the cobalt cyano molybdate has 
also got the composition Co,.Mo(CN)s. Reverse 
conductometric titration (salt solution added to 
molybdocyanide) give evidence of the complexes 
K,»NiMo(CN); and K»CoMo(CN)s. These 
titrations provide information of the. adsorption 
of Mo(CN),;‘~ ions by the freshly precipitated 
complex. Both the compounds show tendency 
to pass into the colloidal state when the salt 
solution is added to excess of potassium 
octacyano molybdate. 


Thanks are due to Professor M.O. Farooq 
for providing facilities and to the Ministry of 
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Studies on the Composition and Properties of Less Familiar Metal Cyano 
Complexes. II. Composition of Copper Octacyano Molyb- 
date and the Existence of the Redox System 


Cut +Mo(CN),2 « 


> Cu** + Mo(CN);' 


By Wahid U. MALiK and S. Iftikhar ALI 


(Received December 27, 1960) 


In continuation to our studies on. the 
composition of the complex molybdocyanides 
of heavy metals by electrometric methods 
(Part I, this Bulletin*), investigations were 
extended to the copper complexes. The study 
of such complexes, besides providing informa- 
tion regarding the composition of cupric molyb- 
docyanide, opens a new aspect for further 
investigation, viz., the existence of redox 
potential in the system Cu~-i Mo(CN),°" 2 
Cu** + Mo(CN)3;' Little work has been done 
in this direction even for the well-known 
metal ferrocyanogen complexes and very few 
references are available in the literature on 
this aspect of the problem. 

For the first time Davidson’? in 1937 drew 
attention towards the existence of Fe** 
Fe(CN).‘~ < Fe(CN),.*~ + Fe?* couple in the 
slow formation of ferric-ferrocyanide while 
carrying Out experiments on the iron blues. 
Very recently systematic studies on these lines 
have been carried out by Malik*? for systems like 


Cut + Fe(CN).*- < Fe(CN),.‘~ +Cu?* ; Mn°* 
Fe(CN).*~ < Fe(CN).2-+Mn’*; Crt- 
Fe(CN),«°~— <2 Cr’°*++Fe(CN),'~ etc., applying 


amperometric methods. 

The present communication deals with two 
aspects of the problem of copper complexes 
of alkali cyanomolybdates: i) the composition 
of the freshly precipitated cupric molybdocy- 
anide by electrometric methods and ii) the 
study of the cuprous chloride potassium molyb- 
dicyanide reaction employing a cuprous-cupric 
couple at the bright platinum electrode. 


Experimental 


Solutions of potassium molybdo- and molybdi- 
cyanide were prepared and standardized as given in 
* Part I, This Bulletin, 34 1306 (1961). 


1) D. Davidson, J. Chem. Educ., 14, 238 (1937). 
2) W. U. Malik, J. Ind. Chem. Soc., in press. 


Part I. Copper sulfate solution was prepared by 
dissolving a weighed amount of A.R. crystals of 
the salt in redistilled water and its concentration 
determined iodometrically®. Cuprous chloride? 
was prepared and a weighed amount of it dissolved 
in 1M potassium chloride solution (acidified with 
a little hydrochloric acid). The solution was kept 
under a layer of paraffin to avoid oxidation. The 
concentration of the solution was determined by 
titrating against 0.1M ammonium thiocyanate, 
using ferric alum® as the indicator. 
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Fig. 1B. 40cc. 0.0025mM K,Mo(CN), vs. 
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3) ‘**Scott’s Standard Method of Chemical Analysis ”’, 
by Furman, Vol. I, Ed V, p. 368. 

4) Fernelius, *“‘ Inorganic Syntheses’, Vol. II, p. 1. 

5) W. U. Malik and Co-workers, Z. anorg. u. allgem, 
Chem., 299, 322 (1959). 


September, 1961] 


Conductometric, potentiometric and amperometric 
titrations between copper sulfate and potassium 
molybdocyanide were carried out as described 
earlier. Potentiometric titrations between cuprous 
chloride and potassium molybdicyanide were carried 
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out, using Cu* Cu**+e couple, obtained by 
dipping bright platinum electrode in a solution of 
cuprous chloride containing a little cupric chloride. 

All the experiments were performed in the dark 
room and the vessels were also wrapped with black 








paper to avoid the decomposition of potassium 
0.90 molybdicyanide. 
~ — The results are summarized below. A few 
; 0.80 7 typical curves are shown in Figs. 1A, 1B, 2, 3A, 3B 
"3 0.70} and 4A, 4B. 
= 0.60 
& 050 040 
0.40 - 4—§_ at 
S &€@ g2sa4 5 6 7 8 
0.50 + 
CuSO, vol., cc. > 
Fig. 2. 10cc. 0.02mM K,Mo(CN)s vs. 0.1m - 
CuSO,. = 640+ 
8 
£ 
0.30 } 
+ 
= 
ex 20 0.20 L_ 1 1 1 
cw 15 0 1 23 4 
OE 10 Cu:Cl; vol., cc. 
= Fig. 4A. Scc. 0.0368mM K;Mo(CN), vs. 
oe 0.0794 m CucCle. 
0 4 4 " 4 O—O- O—O— 
0 0102 03 04 05 06 0.7 08 09 
K,Mo(CN)sx vol., cc. 
Fig. 3A. 20cc. 0.005 m CuSO, vs. K,Mo- 
(CN), 0.1 M. 
> 
ba : 
=x 15} = 
2+ a 
5% 10) 
v 2. 51 
£ 
a a a ee a a a a a a a 
0 02 04 06 08 1.0 12 1.4 16 1. 0 2 4 6 8 10 1 14 16 18 
CuSO, vol., cc. K;Mo(CN), vol., cc. 
Fig. 3B. 20cc. 0.0025mM K,Mo(CN); vs. Fig. 4B. Scc. 0.0619M CusCl. vs. 0.046 m 
0.1m CuSO,. K;Mo(CN )s. 
Results 
TABLE I. CONDUCTOMETRIC TITRATIONS 
Direct: Copper sulfate solution in the cell. 
CuSO, in the cell Vol. of 0.05mM K,Mo(CN), Ratio 
Vol., cc. Concn., M from the curves, cc. Cu**+ : Mo(CN), 
40 0.00075 0.3 2245 
40 0.00125 0.54 2: 1.05 
40 0.0020 0.84 221.5 
40 0.0025 1.10 2: 1.09 
Reverse: Potassium molybdocyanide in the cell. 
K,Mo(CN), Vol. of 0.1m CuSO, Ratio 
Vol., cc. Concn., M from the curves, cc. Cu?* : Mo(CN),! 
40 0.00075 0.54 so 
40 0.00125 0.86 2: 1.16 
40 0.0020 1.48 2: 1.08 
40 0.0025 1.80 acta 
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TABLE II. POTENTIOMETRIC TITRATIONS 
Direct: Potassium molybdocyanide in the cell. 
K,Mo(CN). Vol. of 0.1m CuSO, Ratio 
Vol., cc. Concn., M from the curves, cc. Cu.* : Mo(CN),! 
10 0.02 3.9 2: 1.02 
10 0.0125 2.45 2: 1.02 
10 0.01 1.90 23305 
TABLE III. AMPEROMETRIC TITRATIONS 
Direct: Copper Sulfate Soln. in the cell. 
Voltage applied, —0.4V. Temp., 30+0.1°C 
copper sulphate Vol. of 0.1M K,sMo(CN)s, Ratio 
Vol., cc. Concn., M from the curves, cc. Cu?*t : Mo(CN).! 
20 0.003 0.30 Zz: 
20 0.005 0.50 2:1 
20 0.0075 0.72 ze1 
Reverse: Potassium molybdocyanide in the cell. 
K,Mo(CN), Vol. of 0.1 m CuSO, Ratio 
Vol., cc. Concn., M from the curves, cc. Cu2*+ : Mo(CN),¢ 
20 0.0015 0.6 2:1 
20 0.0025 1.0 221 
20 0.00375 1.46 273.2 
TABLE IV. POTENTIOMETRIC TITRATIONS BETWEEN CUPROUS CHLORIDE 
AND POTASSIUM MOLYBDICYANIDE 
Direct: Potassium molybdicyanide in the cell. 
K;Mo(CN), Vol. of 0.0794 m Cu,Cl. Ratio 
Vol., cc. Concn., from the curves, cc. Cu* : Mo(CN),? 
5 0.0276 1.0 2.0 ..4222 b.12:1 
5 0.0368 1.3 2.6 1.4232 8224 
5 0.046 1.6 : <2 t.3224 
Reverse: Cuprous chloride in the cell. 
Cu,Cl, Vol. of 0.046mM K,Mo(CN)., Ratio 
Vol., cc. Concn., M from the curves, cc. Cut: Mo(CN).3 
5 0.0397 3.8 77 i.3:3 1.1322 
5 0.0619 6.0 12.0 04: 1 1.14:2 
5 0.0794 72 14.4 1:4 L922 
on and here too a ratio of 2:1 was found to 
; exist. However, both these methods gave a 
Conductometric titrations between copper little more of potassium molybdocyanide than 


sulfate and potassium molybdocyanide (Figs. required by the stoichiometric equation: 2- 
1A and 1B) give the ratio Cu’* to Mo(CN),;° CuSO, K;Mo(CN); —CuezMo(CN)s, 2K.SO,; 


as 2:1. Potentiometric titrations carried out for the formation of the complex. Here this 





with copper sulfate solution in the cell did not 
give typical titration curves and there was a 
sharp rise in potential on the addition of even 
a small amount of molybdocyanide (containing 
a little molybdicyanide) from the burette. Titra- 
tions carried out in the reverse manner, viz., by 
adding copper sulfate solution to the molyb- 
docyanide in the cell (Mo(CN);' > Mo: 
(CN);°~ +e couple at the bright platinum 
electrode) gave very satisfactory results (Fig. 2) 


may also be attributed to the adsorption of 
Mo(CN),'~ by the freshly precipitated complex 
although the adsorption effect is not so marked 
as in the case of cobalt and nickel complexes 
(Part I). The behavior of copper molybdo- 
cyanide is also slightly different from those of 
cobalt and nickel molybdocyanides in as much 
as that the precipitate of the latter pass into 
colloidal solution more readily than the former. 
Amperometric titrations (Figs. 3A and 3B) both 
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direct and reverse give the ratio 2:1, again 
pointing towards the formation of the complex 
Cu,Mo(CN):. 

Conductometric titrations as well as_ the 
amperometric titrations were unsuccessful in 
investigating the reaction between cuprous 
chloride and potassium molybdicyanide. In 
the latter suitable potential to be applied could 
not not be found while in the former sharp 
points of intersection at the equivalence point 
were not realized. However, potentiometric 
titrations at the Cu* < Cu’**+e couple (Pt 
electrode dipped in a solution of cuprous 
chloride containing a little cupric chloride) 


gave typical titration curves with two sharp 
breaks (Figs. 4A and 4B). The values for the 
ratio Cu*: Mo(CN);°~ being nearly 1:2 and 


1:1 respectively. 

Before assigning a particular formula to the 
complex formed by this reaction it is impor- 
tant to consider the oxidation reduction reac- 
tion: Cu* +Mo(CN);?- @ Cu*t +Mo(CN);'~. 
Taking the redox potentials of Mo(CN);‘ E 
Mo(CN);°- +e as —0.82 V. and that of Cu* — 
Cu’*+e as —0.17V., the equilibrium constant 
of the above mentioned redox reaction comes 
out to be 1.510 It means that during the 
interaction of cuprous chloride and potassium 
molybdicyanide, a large amount of cuprous is 
oxidized to the cupric state and the molybdi- 
cyanide is reduced to the molybdocyanide. 

On the basis of the above explanation the 
reaction should take place in the following two 


steps. 
Cu2Cl, +2K;Mo(CN); + 2KCI =2 CuCl, +2K,: 
Mo(CN), followed by, 2CuCl,+2K,Mo(CN); 


2K,CuMo(CN);+2KCl. The ratio 1:2 (Cu: 
Mo(CN).°~) found on the basis of potentio- 
metric titration support the above mechanism 
since the overall reaction would be CuCl 
2K;Mo(CN),=2K-CuMo(CN);+2KCI, giving 
the complex K,Cu!!Mo!*(CN).. 
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Whether an oxidation-reduction equilibrium 
(K=1.5x10'*) can completely hold good in 
the case of precipitation reactions is rather 
difficult to say. It is quite probable that some 
of the cuprous chloride is precipitated by 
potassium molybdicyanide before mutual oxi- 
dation reduction takes place and some cuprous 
molybdicyanide is also formed. Under these 
conditions a ratio of 1:1 for the reactants 
should be realized. This is what we actually 
get from the second break of the direct and the 
first break of the reverse titrations. To sum 
up it may be said that the products of interac- 
tion between cuprous chloride and potassium 
octacyanomolybdate(V) are predominantly 
K-Cu'Mo!* (CN), although a little amount of 
KCu.'Mo‘(CN)s is also formed. 


Summary 
The reaction between copper sulfate and 
potassium molybdocyanide was studied using 
conductometric, potentiometric and amperomet- 
ric methods. The stoichiometric ratio of 2:1 


for Cu’* to Mo(CN);*~ correspond to the 
formation of CusMo(CN),;. The interaction 
of cuprous chloride and potassium molyb- 
dicyanide resulted in the formation ’§ of 
K-Cu''Mo!*(CN):. Evidence for the existence 
of a redox potential in the system Cu* 

Mo(CN) — Cu**++Mo(CN);‘- could be 


obtained for the latter reaction on the basis 
of potentiometric titrations. 
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On the Erlenmeyer Reaction. I. Mechanism of Threo-j- 
phenylserine Formation* 


By Takeo KANEKO and Kaoru HArRapDa** 





(Received December 9, 1960) 


The Erlenmeyer reaction’? of glycine with 
benzaldehyde in the 
alkali results in the formation 
phenylserine alkali salt and N-benzal-a, 5- 
diphenyl-S-hydroxyethylamine. Recently many 
stereochemical studies of 5-phenylserine have 
been published in connection with chloramphe- 
nicol. Vogler’? has determined chemically that 
the structure of Erlenmeyer’s phenylserine was 
only of the threo-type. The diastereoisomeric 
erythro-5-phenylserine was first isolated in 
pure state by Shaw and _ Fox in 1950. 
They prepared pure erythro--phenylserine 
using a new method for separation of the threo 
and erythro isomers, and they also found a 
paper chromatographic solvent (S-F solvent) 
to separate these two diasteromers. 

An interesting point in the Erlenmeyer syn- 
thesis of 5-phenylserine is that the threo isomer 
is the predominant product. The erythro isomer, 
which is expected to form in the aldol con- 
densation of glycine and benzaldehyde, has 
not been isolated from the final crystalline 
product. Shaw and Fox found by use of their 
paper chromatographic solvent that the threo 
isomer increased and the erythro isomer de- 
creased during the reaction. 

Quantitative analyses of the threo- and the 
erythro-phenylserine and glycine in the reaction 
mixture at different intervals of the reaction 


of N-benzal-j- 


TABLE I. AMINO ACID RATIO IN THE 


ERLENMEYER REACTION 


hr. Gly Threo-phe. FE rytho-phe. 
ser. ser. 
'/6 48 28 24 
. 39 39 22 
1! 23 52 25 
4!/> 18 62 20 
24 11 73 16 
50 i) Pi 14 


Presented in part at the 9th Annual Meeting of the 
Chemical Society of Japan, Kyoto, April, 1956. 

Present address: Florida State University, Oceano- 
graphic Institute, Tallahassee, Florida, U. S. A. 

1) E. Erlenmeyer Jr., Ber., 25, 3445 (1892); E. Erlen- 
meyer, Jr. and E. Frustuck, Ann., 284, 36 (1894), E. Erlen- 
meyer, Jr., ibid., 307, 70 (1899). 

2) K. Vogler, Helv. Chim. Acta, 33, 2111 (1950). 

3) K. N. F. Shaw and S. W. Fox, Abstr. of Papers, 18th 
Am. Chem. Soc. Meeting., p. 28N (1950); K. N. F. Shaw 
and S. W. Fox, J. Am. Chem. Soc., 75, 3417, 3421 (1953). 


presence of excess of 


time have now been carried out to determine 
the ratio of these three amino acids. Table | 
shows the ratio of these three amino acids 
produced in the Erlenmeyer reaction. 

From the results of the analyses, it may be 
inferred that the erythro isomer is converted 
into the threo isomer during the reaction. 

In order to prove the hypothesis, either 
erythro or threo-phenylserine was mixed with 
ethanol, water, benzaldelyde and sodium 
hydroxide as in the Erlenmeyer reaction. It 
was found that if equimolar or less sodium 
hydroxide was used, threo- or erythro-phenyl- 
serine was not converted into its diastereomer. 
The resulting reaction mixture gave only the 
original threo or erythro isomer, which was 
identified by paper chromatography using the 
S-F solvent. However, by the use of an excess 
of alkali as in the Erlenmeyer reaction, both 
threo- and erythro-phenylserine were converted 
into a mixture of the isomers. When _ threo-, 
erythro- or a mixtuer of threo- and erythro- 
phenylserine were treated under Erlenmeyer’s 
condition, one of the sodium salts of isomeric 
N-benzal-phenylserine crystallized out from 
the reaction mixture as the predominant 
product. After debenzalation of the crystalline 


H.N- CH COOH 


CH-CH 
oO N 


H 


+> (VII 
( SHC a) CH 


CHO 


OH NH 


Fig. 1. Flow sheet of postulated mechanism of 
Erlenmeyer reaction. 
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product, paper chromatography showed that 
the product consisted of only the threo isomer. 
Each of the mother liquors arising from the 
above mentioned three different reactions, 
however, contained glycine and the threo- and 
erythro-phenylserine. These results suggest a 
possible-mechanism for the formation of 
Erlenmeyer’s threo-phenylserine. The postu- 
lated pathways of the reaction are shown in 
Fig. 1. 

Glycine (I) reacted with benzaldehyde to 
yield benzal glycine (II). The resulting II 
reacted again with benzaldehyde forming 
erythro-N-benzal-phenylserine (III) and threo- 
N-benzalphenylserine (IV). In solution both 
III and IV exist as a mixture. However, 

(A) if the solubility of IV is small and it 

crystallizes easily, and 

(B) if there is an equilibrium between III 

and IV under the reaction conditions, 
the erythro isomer III is converted in to threo 
isomer IV_ by crystallization. Erlenmeyer’s 
threo-phenylserine formation may be considered 
as a typical asymmetric transformation reaction. 

In the conversion of V->III->IV, about 65~ 
75% of the threo isomer was isolated in crystal 
form IV. It is necessary to use more than 
twice the equivalent of alkali to crystallize 
IV in the conversion of erythro to threo isomer. 
The filtrate of the crystalline reaction product 
contains III, IV and glycine, the last being an 
alkali degradation product of phenylserine. 
The reaction yielded N-benzal-a, 3-diphenyl- 
8-hydroxyethylamine (VII) as a_ by-product. 
Paper chromatography showed that a longer 
reaction time resulted in an increased formation 
of VII. 

In the conversion reaction, the a- or $-carbon 
atom or both carbon atoms must be racemized 
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atom racemized or inverted during the reaction. 
When p-erythro-phenylserine was treated with 
benzaldehyde and alkali as in Erlenmeyer’s 
reaction, condition, the mixture had a very 
high rotatory power which decreased rapidly 
as is shown in Fig. 2. After about 4.5 hr., the 
solution lost almost all optical activity and 
crystals were precipitated out. The expected 
optically active threo isomer was not obtained, 
but the crystal was identified as sodium salt 
of racemic N-benzal-threo-phenylserine (IV). 


a 





min. 


Fig. 2. Mutarotation of p-erythro-3-phenyl- 
serine. 


This study showed that both the a- and §- 
carbon atoms were racemized during the reac- 
tion. In the absence of benzaldehyde, p-erythro- 
phenylserine did not racemize so rapidly and 
it retained more than 75% of its optical 
activity after 4.5hr. The racemization at the 
a- and §-carbon atoms is not only due to the 
alkali but the N-benzal residue, which is im- 
portant in the conversion process. Such know- 
ledge suggests the equilibrium between III and 
IV as is shown in Fig. 3. 

Optically active erythro-phenylserine has 


or inverted. Optically active erythro-phenyl- been isolated by Fone’? using an enzymic 
serine was used to determine which carbon method and he determined its configuration 
H H O H O H oO“ 
C-C-C ; < C-C-C : C-C=C 
On ° os on © 
HOCH HCH o cu 
* Fa 
O O' 
(+) C-C=C C-C=C 
on ° on 
HOCH HOCH 
Fig. 3. Equilibrium between III and IV. 


4) W.S. Fone, J. Biol. Chem., 204, 323 (1953) 
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biologically. In this study pD- and L-erythro- 
phenylserine were prepared by resolution of 
N-benzoyl-pL-erythro-phenylserine using qui- 
nine. The p-isomer was isolated in an optically 
pure state but the L-isomer had only 75% 
of its optical activity. The configuration of 
these isomers was also determined chemically. 
The (-—)-erythro-phenylserine was _ reduced 
with hydrogen iodide and red _ phosphorus 
giving D(+ )-phenylalanine. The (—)-erythro 
isomer has a sweet taste, and (+ )-erythro- 
phenylserine has a bitter taste. These results 
show that the (—)-erythro isomer has the D.- 
configuration and (+ )-erythro isomer has the 
L.-configuration. 


Discussion 


The fact that the mechanism of threo- 
phenylserine formation is based on_ the 
racemization of a- and 3-carbon atoms has 
been mentioned above. However, another 
explanation is possible: the a—{f carbon 
linkage could be cleft during the reaction and 
the resulting benzaldehyde and N-benzal-glycine 
could react again to reform the threo isomer 
IV. Such a mechanism is conceivable since 
the linkage of the a—; carbon is not stable 
in the alkaline condition; phenylserine is 
completely decomposed to glycine and benz- 
aldehyde after boiling for Ihr. with IN 
sodium hydroxide. Elphimoff-Felkin®? studied 
the transformation of ethyl threo-p-nitro-;- 
phenylserinate to the corresponding erythro 
isomer in alcoholic solution. The conversion 
reaction was explained by the cleavage of the 
a— carbon bond of the threo isomer and 
consequent reforming of the erythro isomer 
from the resulting p-nitro-benzaldehyde and 
glycine ethylester. However, the explanation 
can not be applied successfully in the Erlen- 
meyer reaction. In the reaction of threo-p- 
nitro-phenylserine’? with benzaldehyde and 
alkali, the sodium salt of N-benzal-threo-p- 
nitro-penylserine was crystallized out easily 
from the reaction mixture. The mother liquor 
contained threo- and erytho-p-nitro-phenyl- 
serine and only a trace amount of glycine. 
After two days’ standing at room temperature, 
however, the mother liquor of the reaction 
mixture contained threo- and erythro-p-nitro- 
phenylserine, glycin and also a small amount 
of phenylserine, the last being a _ reaction 
product of benzaldehyde and glycine produced 
by the cleavage reaction. These results showed 
that the cleavage and resynthesis of phenyl- 
serine are not so important in the cases of 
short reaction time, although it may be impor- 

5) I. Elphimoff-Felkin et al., Compt. rend., 234, 154, 1627 


(1952). 
6) G. Ehrhart, Chem. Ber., 86, 483 (1953) 
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ant in the cases of prolonged reaction time. 
The fact’ that the phenylserine was not formed 
rapidly in the reaction of p-nitro-phenylserine 
and benzaldehyde, suggests that the mechanism 
shown in Figs. 1 and 3, which contains 
racemization of the a- and §-carbon atoms 
and asymmetric transformation is a more 
reasonable pathway in the Erlenmeyer reaction. 

The N-benzal residue in the reaction is 
important in the racemization and also in the 
formation and stabilization of many equilibrium 
systems. The j$-carbon atom connected with 
the hydroxyl group is also interesting in regard 
to the formation of the conjugated double 
bond system from the 5-phenyl residue to the 
N-benzal residue or to the carboxylate group. 
In the same reaction condition, L-tyrosine was 
not racemized at all with benzaldehyde and 
alkali. 

The racemization mechanism of the Erlen- 
meyer reaction is complex. Two asymmetric 
carbons are racemized simultaneously. The 
observed data by rotatory power showed that 
the racemization proceeded as a pseudo Ist 
order reaction; the racemization constant, K, 
is 0.156 min The specific rotation of N- 
benzal pb-erythro-phenylserine at zero time has 
a tremendously high value [a]; — 13000° which 
is calculated from the racemization constant. 


Experimental 
Quantitative Analysis of the Amino Acid in the 
Erlenmeyer Reaction.—A mixture of glycine (37.0 
g.), water (400 ml.) and sodium hydroxide (70.0 g.) 


was shaken vigorously with a mixture of ethyl 
alcoho! (100 ml.) and benzaldehyde (1.06g.) under 
cooling. The mixture became clear and then a 
crystalline paste was formed gradually which 
solidified after several hours. About 0.5g. of 
aliquot was taken from the reaction mixture after 
15 min., 30min., 1.5hr., 4.5hr., 24hr. and S50hr. 
These samples were acidified immediately with 


acetic acid, and a small amount of water was 
added. The resulting benzaldehyde was extracted 
with ether. The aqueous layer was adjusted to pH 
10 with sodium carbonate solution, then extracted 
with ether to eliminate diphenylethanolamine. The 
aqueous solution was neutralized and evaporated in 
vacuo, and the residue was subjected to paper 
chromatography and also to dinitrophenylation of 
glycine and phenylserine. The ratio of glycine to 
phenylserine was determined by paper chromato- 
graphy (solvent: n-BuOH: AcOH: H,0/4: 1:1). 
The corresponding spots were cut off and these 
were eluted with hot water. The ratio of glycine 
to phenylserine was determined colorimetrically, 
using the standard ninhydrin method The threo- 
and erythro-phenylserines were isolated by the Seki’s 
method®. The DNP-amino acid mixture of each 


7) S. Akabori and S. Mizushima, * Protein Chemistry 
(Tampakushitsu Kagaku)", Vol. 1, Kyoritsushuppan, (1954), 
p. 209 


8) T. Seki, J. Biochem. (Tokyo), 47, 253 (1960). 
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sample was columnchromatographed, using Am- 
berlite IR-112 resin (Na*) and an elution solvent 
composed of pH 3.1 citric acid buffer (1/10M): 
ethyl methyl ketone : tetrahydrofurane/10: 1: 1. 

Eluted solutions were collected with a fraction 
collector. The DNP-derivatives were separated into 
3 fractions ; the first band was composed of DNP- 
erythro-phenylserine and DNP-glycine, the second 
was dinitrophenol and the third was DNP-threo- 
phenylserine. The second band at 430my dis- 
appeared on acidification to pH 1. The ratio of 
glycine and erythro-phenylserine to threo-phenyl- 
serine was determined colorimetrically at 430 mv. 
The ratios of glycine, threo- and erythro-phenyl- 
serine were calculated from the data measured 
above. The results are shown in Table I. 

Reaction of Phenylserine with Benzaldehyde 
and Alkali.—(A) When a Small Proportion of Alkali 
was Used.—In either case threo-phenylserine mono- 
hydrate (1.0g.) or erythro-phenylserine (0.91 g.) 
was mixed with water (15 ml.), sodium hydroxide 
(0.2 g.), benzaldehyde (1.0 ml.) and ethanol (6ml.). 
The mixture was shaken until it became clear and 
was allowed to stand overnight. The reaction 
mixture was diluted with hydrochloric acid; the 
resulting benzaldehyde was extracted with ether. 
The solution was neutralized and then examined by 
paper chromatography with the S-F_ solvent. 
Neither the threo nor the erythro isomer was 
converted. 

(B) When a Large Proportion of Alkali was Used. 

(1) Threo-phenylserine monohydrate (1.0g.) was 
mixed with water (Sml.), sodium hydroxide (0.6 
g.), benzaldehyde (1 ml.) and ethanol (2 ml.). The 
clear solution began to deposit crystals after 1 hr. 
It was allowed to stand overnight at room tem- 
perature. After filtration and washing with ethanol, 
1.30g. of the crystalline N-benzal derivative IV 
was obtained. The IV was treated with 1 N hydro- 
chloric acid and the resulting benzaldehyde was 
extracted with ether and the aqueous layer was 
evaporated to dryness. The phenylserine hydro- 
chloride in the residue was extracted with absolute 
alcohol. After evaporation of the alcohol, the 
residual syrup was treated with silver carbonate 
and hydrogen sulfide to eliminate hydrochloric acid. 
The aqueous solution was evaporated. The resulting 
crude phenylserine was recrystallized from water, 
0.75 g. of the threo-phenylserine monohydrate was 
obtained. The isolated phenylserine was shown to 
consist of pure threo isomer by paper chromato- 
graphy with the S-F solvent (Found: N, 7.07¢ 

(2) A mixture of threo-phenylserine monohydrate 
0.50g.) and erythro-phenylserine (0.46g.) was 
treated with sodium hydroxide (0.7g.), water (5 
ml.), benzaldehyde (1 ml.) and ethanol (2 ml.) as 
in the previous experiment. The clear solution 
began to deposit crystals after 2hr. or earlier on 
seeding with IV. After standing overnight at room 
temperature, 0.95 g. of IV was isolated. The crystals 
were treated in the same way as above, 0.62g. of 
pure threo-phenylserine monohydrate was isolated 
(Found: N, 7.1820). 


(3) Erythro-phenylserine (0.91 g.) was treated 
with sodium hydroxide (1.0g.), water (Sml.), 
benzaldehyde (1 ml.) and ethanol (2ml.). After 
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2hr. crystallization began. The crystallization 
proceeded more rapidly after seeding of IV, 1.0g. 
of crystals was isolated. It was treated as above, 
0.65 g. of pure threo-phenylserine monohydrate was 
isolated. The threo isomer was converted into its 
copper complex. 

Found: N, 6.48. Caled. for (CgH)oO ,;N).Cu: N, 
6.43%. 

(4) p(—)-Erythro-phenylserine dioxane adduct 
(89.8 mg.) and benzaldehyde (80 mg.) were dissolved 
in Sml. of a mixture of water (10 ml.), ethanol 
(2ml.) and sodium hydroxide (0.8g.). The rotatory 
power of the solution was observed. In the first 
30 min. of the reaction, the value of [a]p was too 
great to observe. The mutarotation curve is shown 
in Fig 2. After 4.5hr. the [a]p reached almost 
zero and crystallization began in the solution. 
The crystals were filtered off. The analytical data 
of the crystals, paper chromatography and _ the 
rotatory power (in 2N hydrochloric acid) of the 
isolated phenylserine showed that the crystal was 


the pure pt-threo-N-benzal-phenylserine sodium 
salt. 

Found: N, 4.74. Caled. for CigHisO,NNa: N, 
4.81%. 


In the above reaction without benzaldehyde, p(—)- 
erythro-phenylserine maintained about 76%, of its 
optical activity after 4.5 hr. of treatment. 

Reaction of Threo-p-nitro-phenylserine with 
Benzaldehyde and Alkali.— The _ threo-p-nitro- 
phenylserine was prepared by the method of 


Ehrhart™. Threo-p-nitro-phenylserine (1.13 g.) was 
treated with sodium hydroxide (0.2g.), water (15 
ml.), benzaldehyde (I ml.) and ethanol (4ml.). 


The clear solution began to deposit crystals after 
2hr. The crystals were filtered off after 6hr., and 
were converted into free p-nitro-phenylserine. The 
product was found to consist of the pure threo 
isomer by chromatography. The mother liquor of 
the reaction mixture contained both the threo- and 
the erythro-p-nitro-phenylserine and a trace amount 
of glycine. However, after S50hr. of standing at 
room temperature, the mother liquor was found to 
contain phenylserine and an increased amount of 
glycine in addition to the threo- and erythro-p-nitro- 
phenylserine. 

Benzoyl Erythro- and Threo-phenylserine.— 
Benzoyl-pL-erythro-phenylserine was prepared by 
the method of Shaw and Fox. Erythro-phenylserine 
was treated with benzoylchloride in the usual 
manner. M. p. 183~183.5-C (decomp.). 

Found: C, 67.53; H, 5.48; N, 4.81%. 

Benzoy!-pL-threo-phenylserine was prepared as 
above. M. p. 158°C (decomp.). 


Found: C, 67.40; H, 5.43%. 
Resolution of Benzoyl-pL-erythro-phenylserine. 
N-Benzoyl-pL-erythro-phenylserine (28.5g.) and 


quinine (27.2g.) were dissolved in hot mixture of 


methanol (60 ml.) and acetone (40 ml.). When the 
solution had cooled down, crystallization of quinine 
salt began after seeding with an authentic specimen 
which was obtained during the crystallization ex- 
periment. After standing overnight in a refrigerator, 
the crystals were collected by filtration. The product 
after washing with cold acetone weighed 17.0g. 
The quinine salt was recrystallized from 300ml. of 
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99% ethanol, 14.0g. of the quinine salt was 
obtained ; m. p. 214~217-C (decomp.). The mother 
liquor from the recrystallization was combined with 
original mother liquor. From this, an additional 
7.7g. of quinine salt was isolated. 

Found: C, 70.63; H, 6.31; N, 6.88. Calcd. for 
C36H3g0.N;: C, 70.91; H, 6.45; N, 6.89%. 

[a]4 105.0 (c 0.401, 99% ethanol). 

Fifteen grams of the quinine salt was dissolved 
in ethanol, and to this solution, concentrated 
aqueous ammonia was added. The solution was 
then evaporated in vacuo to remove alcohol. The 
aqueous ammonia was added again and the evapora- 
tion was repeated until the ethanol was completely 
removed. The separated quinine base began to 
crystallize. The mixture was allowed to stand for 
a few hours for complete precipitation. The quinine 
was filtered off, then the filtrate was extracted 
three times with ether in order to remove residual 
quinine. The aqueous solution was concentrated 
in vacuo to 80ml. and then acidified with 6N 
hydrdrochloric acid to pH 2. The precipitated 
optically active benzoyl-erythro-phenylserine was 
filtered off. It was recrystallized from 352%, ethanol, 
5.7g. of active benzoyl-erythro-phenylserine was 
obtained. M. p. 188~189-C (decomp.). 

Laly 29.3 (c 0.647, 99%, ethanol) 

Found: C, 67.27; H, 5.38; N, 4.90. Calcd. for 
CieH;;0,N : C, 67.36; H, 5.30; N, 4.91%. 

p-Erythro-phenylserine.—( — )-N-Benzoyl-erythro- 
phenylserine (8.0g.) was heated under reflux with 
90 ml. of 15 hydrobromic acid for 3hr. After 
hydrolysis, the solution was extracied three times 
with ether. After evaporation of the aqueous 
fraction under reduced pressure, water was added 
and the process repeated to remove the excess of 
hydrobromic acid. The residue was treated with 
silver carbonate and hydrogen sulfide. The dehydro- 
brominated solution was evaporated in vacuo, and 
the residue was dissolved in IS ml. of hot water, 
then 15 ml. of dioxane was added to the solution. 
Two and a half grams of (— )-erythro-phenylserine 
dioxane adduct was crystallized out. 

[a] 53.7. (c¢ 1.091, 2dm, 2N hydrochloric 
acid). 


Found : 6.70; N, 6.19. Caled. for 


C, 36:65; Hi, 
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(CgH,,03N )2C,H.O2: C, 58.65; H, 6.71; N, 6.22%. 

Free (—)-erythro-phenylserine was prepared from 
the aqueous solution of the free amino acid by 
addition of much ethanol. The (— )-erythro-phenyl- 
serine has a sweet taste. 

M.p. 193°C (decomp.). [a]% 68.0 
2N hydrochloric acid). 

Found: C, 59.61; H, 6.12; N, 7.74. Calcd. for 
C,H;:03N : C, 59.66; H, 6.12; N, 7.73%. 

Reduction of (— )-Erythro-phenylserine.—A half 
gram of (—)-erythro-phenylserine dioxane adduct 
was heated at 150~160-C for 2hr. with ISml. of 
hydrogen iodide and 0.6g. of red phosphorus. The 
reaction mixture was filtered. It was then evapo- 
rated under reduced pressure, water was added and 
the process was repeated to remove the excess of 
hydrogen iodide. The residue was treated with 
silver carbonate and hydrogen sulfide, 160 mg. of 
b-phenylalanine was obtained. 

La ]* 31.4 (c 0.780, 2dm., water) 
Found: C, 65.53; H, 6.65; N, 8.46. 
CyH,,02N : C, 65.44; H, 6.71; N, 8.48%. 

L-Erythro-phenylserine. — N - Benzoyl-L-erythro- 
phenylserine was isolated from the mother liquor 
of the quinine salt as shown above for the separa- 
tion of pD-erythro isomer, (— )-N-benzoyl-erythro- 
phenylserine, m. p. 182~183 C (decomp. 
22.6 (c 0.973, 99%, ethanol). 
67.52; H, 5.44; N, 4.97. 
H, 5.30; N, 4.91 
m.p. 179~183 C  (de- 


(c 0.426, 


Caled. for 


[aj 


Found: C, 
C.6H,;0,N : C, 67.36; 
L-Erythro-phenylserine, 
comp.). 
The Lt-erythro isomer has a bitter taste. 
La]? 51.2. (c 0.757, 2N hydrochloric acid). 
Found: N, 7.59. Calcd. for CgH;,O;N: N, 7.732. 


Calcd. for 
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Seit Berichterstattung durch Schulze in 
1877 itiber den thermischen Abbau des Kolo- 
phoniums sind mehr als 90 Jahre verflossen, 
aber wir haben vor uns nur ungefahr 10 Mit- 
teilungen iiber das betreffende Thema. Vezes 
Dupont”, Chevalier und = andere haben 
entweder durch direkte Kolophonium-Destil- 
lation oder seine Destillation mit organischen 
Sauren das Leicht6l fiir Brennstoff gewonnen. 
Es ist ruhig anzunehmen, dass es sich bei der 
Operation um einen thermischen Abbau des 
Kolophoniums bei 350~360°C handelt. Es ist 
beachtenswert, dass das brennstoffliche Leichtdl 
aus Kolophonium durch diese Forschung 
gewinnbar geworden ist. Tsukamoto’ stellt 
auch bei Trockendestillation des Kolophoniums 
im gemeinsamen Einsatz von Aktivkohle und 
der japanischen Séureerde gasf6rmige und 
fliissige Produkte dar und ermittelt bei dem 
Letzteren Anthracen, Phenanthren, Reten u.s. 
w. Als Erster hat Newbery? den Abbau nach 
dem Gasphase-Verfahren vorgenommen. Als 
Katalysator wurde Aluminiumoxyd eingesetzt, 
wobei zweierlei fliissige Produkte, Sdp. 27~ 
170°C oder 50~250°C, gewonnen’ wurden. 
Fast zu der gleichen Zeit hat Hoge’? unterm 
Einsatz des Aluminiums als Katalysators bei 
370~590°C den Abbau vorgenommen. Spiter 
in 1936 hat Lee? unterm Einsatz von Calcium- 
oxyd, Atzkali, der japanische Siaiurerde mit 
Calciumoxyd das Kolophonium abgebaut und 
Benzin, Kelosin u.s.w. dargestellt. 

Es wurde durch solche Forschungsergebnisse 
klargemacht, dass durch Abbau des Kolo- 
phoniums Benzin-analoges Leicht6l zu gewinnen 
ist und die weitere Forschung hat ergeben, 
dass das Gasphase-Verfahren dabei das _ erfolg- 


reichste Verfahren ist. Desalbres* berichtet, 
dass man unterm Einsatz der Fullererde den 
gesattigten Kohlenwasserstoff von Sdp. 60~ 
130°C und fliissige Produkte von Sdp. 130~ 
200°C gewinnen und diese Letzteren zum 
1) G. Schulze, Ber., 10, 114 (1877). 
2) Vezes Dupont, .,Resines et Jerebenthine® (1924) S. 461 
3) J. M. A. Chevalier, P. Bourcet und H. Regnault, 


Franz. Pat. 552038 (1923). 
4) T. Tsukamoto, Pharm. Bull. (Japan), 170 (1928) 
5) C. W. Newbery, Amer. P. 1902073 (1933). 
6) D. W. Hoge, Chem. Abstr., 27, 3350 (1933) 


7) M.Lee. Ind. Research (China), 5, 417 (1936), Chem 
Abstr., 31, 842 (1937) 
8) L. Desalbres, Franz. Pat. 871333, Chem. Abstr., 43, 


4873 (1949) 
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trocknenden Ol verwenden kann. Es ist aber 
Brodshi», der als Erster von den bisherigen 
Forschern den Reaktionszustand beim nach 
dem Gasphase-Verfahren erfolgenden Kolopho- 
nium-Abbau genau verfolgt hat. Er hat unterm 
Einsatz des Kupfers bei 500~700 C Kolopho- 
nium abgebaut und die Alkohole von Sdp. 30 
~200°C und fliissige Produkte von Sdp. 200 C 
und dariiber erfasst. Er hat  ferner 
Alkoholen auf analoge Weise abgebaut und 
ein Gemisch aus den aromatischen’ und 
ungesattigten Kohlenwasserstoftfe von Sdp. 30~ 
200°C dargestellt. Er hat bei den fliissigen 
hochsiedenden Produkten Naphthalin, An- 
thracen. Phenanthren. Reten nachgewiesen. 

Wie oben beschrieben, sind durch Abbau 
des Kolophoniums die aus aromatischem Kohlen- 
wasserstoff bestehenden  fliissigen Produkte 
erhaltlich. Annehmbar ist, diese fiir 
Brennstoff, Lésungsmittel, Schmierstoff, Emul- 
giermittel und andere Gebiete auch niitzlich 
zu verwenden sind. Aber fiir einen kontinu- 
ierlich nach dem Gasphase-Verfahren = erfol- 
genden Abbau des Kolophoniums vermisst man 
diesbeziigliche Forschungsarbeiten. Funda- 
mentale genaue Untersuchung ist erforderlich. 

Es sollen namlich in verschiedenen Punkten 
noch ergriindet werden: Die Auswahl der 
haltbarsten Katalysatoren, die Festlegung der 
optimalen Temperatur, die nur den Abbau des 
Kolophoniums selbst einleitet, ohne aber dabei 
die Katalysatoren abbauen zu lassen, und die 
Ermittelung der ausbeutemissigen Verianderlich- 
keit der fliissigen Produkte bei kontinuier- 
lichem Ejinsatz der Katalysatoren, sowie die 
Ermittelung der Zusammenhinge der kataly- 
satorischen Einsatzmale mit der Anlagerungs- 
menge freien Kohlenstoffs an den Kataly- 
satoren. Zur Gewinnung nitzlicher flissiger 
Produkte hat der Verfasser tiber den kontinu- 
ierlichen Abbau des Kolophoniums und des 
rohen Kieferharzes nach dem Gasphase-Ver- 
fahren Untersuchung gestellt. 


jene 


dass 


Experimentelle Vorrichtung und Operation 


Die zu Forschung herangezogene Vor- 
richtung wird in Abb. | gegeben. D stellt das 
verzinkte Eisenrohr von 90ccm Linge und 2.8 ccm 


dieser 


9) J. Brodshin. Bull. Inst. Pin., 1938, 89, 118, 159, 203; 
Chem. Abstr., 33, 4803 (1939) 
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Abb. 1. 


Scheidetrichter S: 
mit Skalen 2 
B: Elektroofen G,,G:: 
C,: Hahn H: 


A;,A.,A 


Durchmesser dar. Das mit gewisser Menge Kata- 
lysatoren eingefiillte Reaktionsrohr wird in den 
Elektroofen cingebracht und 3~5 Std_ erhitzt, 
damit die Katalysatoren aktiviert werden. Dann 
wird gewisse Menge wasserfreies Benzol (100 oder 
200 ccm) in A; in 1 eingegossen und unter Regelung 
des Hahns C; und mit vorgeschriebener Raum- 
geschwindigkeit ununterbrochen abtrépfeln gelassen. 
Die fliissigen Reaktionsprodukte werden in A» und 
A, gesammelt, wahrend die gasférmigen Produkte 
in den Gassammler H zugefiihrt werden. Wahrend- 
dessen sollen die Oberflichen der Fliissigkeiten 
inner- und ausserhalb des U-Rohrs S stets unter 
einem vermindertem Druck gehalten bleiben. 
Unter dieser Regelung wird der ganze Versuch 
durchgefihrt. 

Nach dem fertigen Abtrépfeln der ganzen Proben- 
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Experimentelle Vorrichtung. 


Vorlage 
V-Rohr 


W,, W>2 Waschflasche 


Erhitzung 
eine weitere Stunde fortgesetzt. Die  fliissigen 
Produkte werden dann destilliert, nach verschiedenen 
Siedepunkten eingeteilt und analysiert. 

Zubereitung der Proben.—Da das in der Wirme 
verfliissigte Kolophonium auch bei tber 150°C 
behaltener Temperatur zufolge eventuell eintretenden 
Temperaturabsinken weitgehende Viskositatsveran- 
derung erfahrt. ist es fusserst schwierig, das Kolo- 
phonium mit einer konstanter Raumgeschwindigkeit 
in das Reaktionsrohr zu bringen. 

Rohes Kieferharz ist auch. mit der Ahnlichen 
schwierigkeit verbunden. Diese Schwierigkeiten 
wurden von uns dadurch behoben, dass das Kolo- 
phonium und das rohe Kieferharz jeweils in 
gewisser Menge Benzol zuerst gelést und als solche 
Lésungen in das Reaktionsrohr eingebracht werden. 


menge in das Reaktionsrohr wird die 
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Es wurde 500g davon in absolutem Benzol gelést 
und 1 Liter Lésung wurde erhalten. Eine Entnahme 
dieser Lésung wurde auf dem Wasserbad bei der 
méglichst niedrigen Temperatur abgedimpft und das 
gemessene Gewicht des Riickstandes wurde zum 
Gewicht des Kolophoniums gemacht. 

Zubereitung des Katalysators.—Es wurden beim 
Versuche 12 Sorten Katalysatoren eingesetzt. Ein- 
zelkatalysatoren: Japanische Saéureerde, Kieselgur, 
Bimsstein, Kaolin und Bentonit. 

Mischkatalysatoren : Japanische Saureerde—Alum- 
iniumoxyd (70: 30), -—Aktivkohle (50: 50), 

Zinkoxyd (70: 30), Titanoxyd (70 : 30), 
Eisenoxyd (70 : 30), —Kieselsiureanhydrid (70 : 30), 
Zinksulfat (70: 30). 

Die Mischkatalysatoren wurden folgenderweise 
zubereitet. Zinkoxydpulver wurde, z. B., mit 
Wasser von ca. 50°C gut geriihrt und im M6rser 
unter Zusetzung mit der japanischen Siureerde még- 
lichst homogen vermischt. Anschliessend werden 
davon Kugeln von 5~8 mm Durchmesser hergestellt, 
bei 60°C 2 Std angetrocknet, weiter bei 110~120°C 
1 Std vollstandig abgetrocknet. Dann werden sie 
nach Packung im Reaktionsrohr bei 500°C ca. 3 
Std zur Aktivierung erhitzt. 

Berechung der Ausbeute.— Das Kolophonium 
besteht hauptsachlich aus Harzsaéure. Abietinsdure 
und Dextropimarsaure, wahrend das rohe Kieferharz 
daneben noch Terpene gemischt enthalt. Daher 
ist mit Recht zu erwarten, dass als seine Abbau- 
produkte gesdttigte und ungesattigte aliphatische 
Sauren und aromatische Kohlenwasserstoffe u. s. w. 
gegeben sind. [in folgerichtiger Uberlegung. dass 
diese Substanzen nach weiterem Abbauen auch 
Benzole bilden wiirden, wurde noch vor Einschick- 
ung der Proben-Benzoll6sung in dem Reaktionsrohr 
eine gewisse Menge absolutes Benzol ins Rohr 
eingeschickt und unter gleichen Bedingungen wie 
bei der Probelésung erhitzt. Die als Destillate 
auslaufenden Benzolmengen wurden bestimmt und 


TABELLE JI. 


Sorten der Katalysatoren Kieselgur 


Male der Kontinuierlichen 
Anwendung 


Diverse Gase, | 


Fliissige Produkte von 
niedrigen Siedepunkt, g 


von hohen Siedepunkt, zg 


18.9 43.9 
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das an Katalysatoren absorbierten Benzol gemessen, 
um die Resultate dem Berechnen in dem richtigen 
Versuche zugrunde zu legen. 

Es wird z. B. angenommen, dass als Katalysator 
japanische Saureerde benutzt und bei 450°C re- 
agieren gelassen wird. Zuerst werden Accm ab- 
solute Benzol zugegeben und erhitzt, wobei bccm 
Produkte als Destillate erhalten werden. Und dccm 
Benzol werden davon festgestellt. 

Andererseits werden M ccm Kolophonium-Benzol- 
lésung gleicherweise reagieren  gelassen, wobeli 
Eccm als Destillate von dem Vorlauf bis 85°C 
aufgefangen werden. Dann ist die Menge der 
fliissigen Reaktionsprodukte, die bis zur Temperatur 
von 85°C tatsachlich zu erhalten sind, mit folgender 
Gleichung auszudriicken : 

in 
E-—M ads ; ccm 
Werden die Destillate von 85 bis 200°C zu Fccm 
und solche iiber 200°C zu Gccm gesetzt, so ist die 
Gesamtmenge der Destillate, Nccm, folgenderweise 
ausdriickbar : 


107 d 
200 A/ 


Fiir das rohe Kieferharz wurde es auch anhand 
obiger Methode berechnet. Es ist bekannt, dass 
Benzol bei ihrer Druckstr6mung durch erhitztes 
Eisenrohr zufolge der dann eintretenden Polymeri- 
sation Diphenyl und Tripheny! erzeugen. Da aber 
diese Bildung nur insgesamt weniger als 1%. bezogen 
auf die eingesetzten Benzole geschieht war in dieser 
Versuchsreihe solcher Fehler unberiicksichtigt. 

Falls Zinkoxyd—japanische Siaureerde und Zink- 
chlorid—japanische Sdureerde als Katalysatoren 
benutzt wurden, wurden Abbauprodukte zweifelsohne 
festgestellt, die niedriger sieden als Benzol. Diese 
Tatsache wurde natiirlich bei Durchfiihrung der 
Versuche beriicksichtigt. 


N=| E—M F+G 


ERGEBNISSE DER KONTINUIERLICHEN VERSUCHE* 


Japanische Saureerde 
und Aluminiumoxyd 
(70 : 30) 


Japanische Saureerde 


26. 


42. 20. 


* Abbaureaktion von je 100g Kolophonium mit 94g Katalysatoren bei 450°C. 


TABELLE II. 


VERANDERUNGEN DES PROZENTIL 


ALEN AUSBEUTEVERHALTNISSES DER FLUSSIGEN 


PRODUKTE IM ZUSAMMENHANG MIT DEN VERMEHRTEN WIEDERHOLUNGEN DER 


KONTINUIERLICHEN ANWENDUNGEN* 


Male der kontinuierlichen 
Anwendung 


4 





Fliissige Abbauprodukte von 


niedrigen Siedepunkt, % 9.6 20.0 


* 





26.2 es Be 20.0 


Abbaureaktion von je 100g Kolophonium mit 97g Kieselgur bei 450°C. 
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Kieselgur 


J.S.4Al,0;-H20 
J.S. 


.8.+Kieselsaureanhydrid 


S.+ZnSO, 


J. S.4+Eisenoxyd (70: 
J.S.+Titanoxyd 
J.S.+Eisenoxyd (50: 5 
J.S.+Aktivkohle 
Bimsstein 

Kaolin 

Bentonit 

J.S.+ZnO 


Gewinnungsverhialtnisse, 





500 
Reaktionstemperatur, ~C 


Abb. 2. Zusammenhang zwischen der Reaktionstemperatur und Gewinnungsverhiltnisse 
der fliissigen Produkte von niedrigem Siedepunkte. 
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Abb, 3. Zusammenhang zwischen der Reaktionstemperatur und 
Gewinnungsverhiltnisse der fliissigen Produkte. 
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Gewinnungsverhiltnisse, % 
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Bimsstein 


Kaolin 


.$.+Titanoxyd 
$.+ZnSO 
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S.+ZnO 
.8.+Eisenoxyd (50: 50) 
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J.S.+Eisenoxyd (70: 


J.S.+Aktivkohle 
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Abb. 4. 


Fliissige Produkte in Abb. 1— Az werden nach 
mehrmaligem Waschen der Feindestillation unter- 
zogen, und zwar dreiteilig abdestilliert, namlich 
von dem Vorlauf bis zu 85°C, von 85 bis zu 200 C 
und von 200°C bis zu Trockenpunkt 

Der Destillationsverlust wurde n&amlich nur _ bei 
dem niedersiedenden’ Fraktionen _ beriicksichtigt. 
Der Verlust wahrend des Wiaschens und Abtrock- 
enens ist aber tiber dis ganzen Fraktionen gleich- 
miassig, so dass er zu Wcecm und der Destil- 
lationsverlust zu L ccm gesetzt wird. Nach folgender 
Gleichung wird die Ausbeute berechnet : 

Fraktion bis zu 200°C........... 

107 d 


\ )+F 
' 200 A/ 


Fraktion tiber 200°C hinaus........... 


G-_w G . 
E-F-G 
Gasf6rmige Produkte werden aus der Flasche H 
genommen, nach dem Hempel’schen’ Verfahren 
Kohlendioxyd etc. mengenmiassig geprift, dann 
mit 64% Schwefelsiure auf Isobutylen, mit 87% 
Schwefelsdure auf Butylen und Propylen, ferner 
mit 100% Schwefelsiure auf Athylen analysiert. 


Versuchsergebnisse 


Kolophonium  besteht hauptsachlich aus 
Harzsdure, ferner Abietinséure und Dextro- 
pimarsdure. Bei katalytischem Abbau trennt 
sich die Carboxyl-Gruppe los, um sich in 
Kohlendioxyd, Wasserstoff und Kohlenmono- 


xyd oder Wasser umzuwandeln. In Tabelle I 


Zusammenhang zwischen der Reaktionstemperatur und Gasentwicklungsmenge 


sind mit der Beziehung als .diverse Gase™ ihr 
Produktionsverhiltnis angegeben. Bei 
Gasen handelt es sich meistens um Kohlen- 
monoxyd und Wasserstoff mit geringem 
Anteil an Paraffin von_ niedriger’ Klasse. 
Bekanntlich ist aus Dextropimarsiiure die 
Athylen-Gruppe und aus Abietinsiure die 
Isopropyl-Gruppe leicht abspaltbar. Bei der 
katalytischen Abbau wie in vorliegendem 
Versuch miissen aber komplizierte 
Anderungen wie Polymerisation oder  Ver- 
schiebung der Doppelbindung geschchen. Somit 
wird es nicht angebracht sein, direkt aus dem 
Bildungsverhaltnis von Olefin auf des Abbau- 
vermégen der Katalysatoren zu schliessen. 

Kurz gefasst, ist es aus dem _ Versuchser- 
gebnissen klar geworden, dass es zwischen 
der Ausbeute der fliissigen niedersiedenden 
Produkte und der Entwicklungsmenge der 
diversen Gase einen untrennbaren Zusammen- 
hang besteht. Es wird demnach zu folgern, 
dass die geeignetesten Bedingungen fir die 
Abbaureaktion mit vorziiglichen Katalysatoren 
eine erhdéhte Bildung der _ niedersiedenden 
Fraktion und eine verminderte Gasentwicklung 
logischerweise ergebden. 

Um zu finden, wie sich die Ausbeute an 
niedrigsiedenden fliissigen Produkten in An- 
hangigkeit von Reaktionstemperaturen verin- 
dert, wurden verschiedene Katalysatoren zum 
Abbau des Kolophoniums eingesetzt. Die 
Ergebnisse dieser Versuche wurden in Abb. 2 


diesen 


dausserst 
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und 3 abgebildet, wiaihrend die Gasentwick- 
lungsmengen in Abb. 4 miteinander vergleichend 
gezeigt sind. 

Die Ergebnisse der 8-malig kontinuierten 
Reaktion sind in Tabelle II aufgestellt. Es 
sei noch bemerkt, dass sich die an den Kata- 
lysatoren sich anlagernde freie Kohlenstoff- 
menge bei 3-maliger und 8-maliger kontinuier- 
licher Anwendung jeweils als 11 und 45 aufwies. 

Die Ergebnisse beziiglich der Haltbarkeit, 
des Vermégens und der Regenerierbarkeit der 
Katalysatoren zeigen, dass als Katalysator fiir 
Abbau des Kolophoniums die Kieselgur der 
Beste ist. Dabei wird niaimlich die héchste 
Produktionsmenge von _ fliissigen Fraktionen 
von niedrigem Siedepunkt schon bei ver- 
haltnismassig niedriger Temperatur erzielt. 
Andererseits liefern japanische Sdureerde und 
das Gemisch derselben mit Aluminiumoxyd 
(70 : 30) gleiche gute Ergebnisse wie Kieselgur, 
sie besitzen aber den Nachteil einer kiirzeren 
Haltbarkeit. 

Von den Mischkatalysatoren zeigen das 
Gemisch der japanischen Siureerde mit Kiesel- 
sdureanhydrid (70: 30) und = dasselbe' mit 
Zinksulfat (70:30) sowie dasselbe mit Titan- 
oxyd (70 : 30) verhaltnismassig gute 
Ergebnisse, sie liegen aber hinter der obenge- 
nannten Kieselgur zuriick. 


Kohlenstoffanlagerung 
Die Bestimmung der Anlagerung freien 
Kohlenstoffs an 100g Katalysator bei Abbau 
von 100g Kolophonium ergab die Ergebnisse 


TABELLE III]. ZUSAMMENHANG ZWISCHEN DEN 
KATALYSATORENSORTEN UND  KOHLENSTOFE 
ANLAGERUNGSMENGE BEI DER ABBAUREAKTION 
VON KOLOPHONIUM 


Katalysatoren, 100g B i 


Japanische 


Saiureerde 450 6.4 
4 500 4.4 

Kieselgur 450 1.8 

Bentonit 450 4.2 

Kaolin 450 2.6 

Bimsstein 450 8.0 

—— Aluminiumoxyd 70:30 450 6.3 
Y Zinkoxyd 70:30 500 9.2 
4 Titaniumoxyd 70:30 500 8.5 
Y " 70:30 450 7.7 
” Eisenoxyd 70:30 450 5.0 
, poerees e 70:30 500 5.7 
4 Aktivkohle 50:50 450 1.7 

A: Mischverhiltnis 

B: Reaktionstemperatur 

C: Kohlenstoffanlagerung bezogen auf 100g 


Einsatz des Ausgangsmaterials 
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in Tabelle III. In der Annahme, dass nach 
dem bei gleicher Temperatur erfolgten Abbau 
die Katalysatoren an ihrem eignen Gewicht 
keine Veranderung erfahren, wurde die Ge- 
wichtszunahme der Katalysatoren mit der ange- 
lagerten Kohlenstoffmenge gleichgestellt. Mit 
dieser Methode ist allerdings die aktuelle 
Anlagerungsmenge des Kohlenstoffs nicht zu 
ermitteln, aber sie ist insofern anwendar, als 
das ,,anscheinende Gewicht“ nur zum Ver- 
gleich der Katalysatoren untereinander in 
Frage kommt. Diese zeigen, dass die Kieselgur 
oder das Gemisch von japanischer Sdureerde 
mit Aktivkohle als Katalysator die geringste 
Anlagerung und Kaolin die niachst-geringste 
ergibt. 


Haltbarkeit der katalysatorisch 
eingesetzten Kieselgur 


Um die Kieselgur auf ihre katalysatorische 
Haltbarkeit zu priifen, ein Zapfen fiir Um- 
schaltung angebracht wurde, um bei fertigem 
Trépfeln einer gewissen Menge des Kolopho- 
niums jedesmals die fliissigen Produkte und 


Gas aufzufangen. Die  fliissigen Produkte 
wurden destilliert und in 2 Fraktionen bis 
200°C und iiber 200°C eingeteilt. Von den 


Gasen wurden die Anteile an Kohlendioxyd, 
Wasserstoff, Olefinen, Parafinen und so weiter 
prozentual analytisch bestimmt. 

Als Katalysator wurden 108g Kieselgur, 
eingesetzt und 100g Kolophonium mit einer 
Raumgeschwindigkeit von 18ccm Std ins 
Reaktionsrohr bei 450°C geschickt. 

Die an dem Katalysator angelagerte Menge 
freien Kohlenstoffs betrug nur 64g erst nach 
dem beendeten Abbau von 1700g Kolopho- 


nium. Daher ist anzunehmen, dass die Halt- 
barkeit dieses Katalysators verhaltnismassig 
lang ist. 


Bestandteilmassige Untersuchung der 
fliissigen Produkte 


Es wurden die fliissigen Produkten zuerst in 
die zwei Fraktionengruppen, naimlich in die 
bis zu 200°C und die daruber, eingeteilt. Die 
Erste wurde weiterer Feindestillation unter- 
worfen. Hiervon wurden die Fraktion von 
Sdp. 85~90°C in Eisessig gelést, brominiert, 
destilliert, um Brombenzol ergeben zu _ lassen, 
damit Benzol ermittelt wurde. 

Auch zur Ermittelung des Toluols wurden 
die Fraktion von Sdp. 108~115°C  weiterer 
Feindestillation unterzogen und in 2,4-Di- 
nitrotoluol tberfihrt. Dann wurde die Frak- 
tion von Sdp. 128~145°C weiterer Feindestil- 
lation unterzogen, oxydiert, wonach Terephthal- 
siure zur Ermittelung des p-Xylol erfasst 
wurde. Von der Fraktion von Sdp. 149~159°C 
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wurde Cumol, von derselben von Sdp. 159~ 
171°C Pseudocumol, und von derselben p-Cumol 
als sulfonsaures Barium gesondert und ermittelt. 
Trennung weiterer Bestandteile war dusserst 
erschwert, so dass eine Reindarstellung unm6g- 
lich war. 

Als Bestandteile der fliissigen Produkte von 
hdherem Siedepunkt als 200°C wurden Naph- 
thalin, Anthracen, Phenanthren, Reten ermit- 
telt. Naphthalin war von den Kondensaten 
bei Sdp. 215~235°C leicht als Pikrat ermittelt. 

Die aus dem Kondensat von Sdp. 320~360°C 
ausgeschiednen Kristalle konnten nach Umkris- 
tallisierung aus Alkohol mit anschliessender 
Oxydation zu Anthrachinon als Anthrachinon 
nachgewiesen wurde. Ferner wurde Phenan- 
thren nachgewiesen, indem die aus. der 
Mutterlauge der Anthracen-Umkristallisierung 
erhaltenen Kristalle mit Chromséureanhydrid 
zu Phenanthrachinon oxydiert wurden. 

Die Trennung des Retens war 4dusserst 
schwierig. Die Kondensate tiber Sdp. 360°C 
wurden nimlich stark abgekiihIt. Die dabei 
ausgeschiedenen’ Kristalle wurden getrennt. 
Durch ihre Umkristallisation wurde das dabei 
zuerst zur Abscheidung kommende Anthracen 
getrennt. Die Mutterlauge wurde mit Pikrin- 
sdure-Benzoll6sung zugesetzt, wodurch Reten- 
pikrat zur Ausfallung kam. Dies wurde durch 
Mischprobe nachgewiesen. 


Forschung iiber den katalytischen Abban des rohen Kieferharzes 


Zusammenfassung 


Es wurden gefunden, dass als Katalysator 
zur Herstellung niitzliche Kohlenwasserstoffe 
beim katalytischen Abbau des Kolophoniums 
nach dem Gasphaseverfahren bei gew6hnlichem 
Druck die Kieselgur auch fiir kontinuierliche 
Arbeit der Hervorragendste ist. 

Die Reaktionstemperaturen um 450°C sind 
die Optimalen, wobei der prozentuale Gewin- 
nungssatz fiir die fliissigen Produkte 53.7% 
betrigt. Diese fliissige Produkte werden in die 
Fraktion bis zu 200°C und dieselbe dariiber 
eingeteilt. Aus der Vorderen wurden Benzol., 
Toluol, Xylol, Cymol, Pseudocymol, p-Cymol 
nachgewiesen, wihrend aus der Letzteren 
Naphthalin, Anthracen, Phenanthren, Reten 
ermittelt wurden. 

Bei den gasf6rmigen Produkten betrug der pro- 
zentuale Gewinnungssatz 8.6 Sie bestanden 
hauptsichlich aus Kohlendioxyd, Olefine, 
Kohlenmonoxyd, Wasserstoff und Paraffinen. 


Zum Schluss sei es noch bemerkt, dass die 
vorliegende Arbeit unter der Leitung von 
Herrn Professor Dr. Eiichi Funakubo an der 


Technischen Fakultaét der Universitit zu Osaka 
durchgefiihrt wurde. 
Chemisches Institut der 
Technischen Fakultét de 
Universitat zu Osaka 
Mivakojima-ku, Osaka 


Forschung tiber den katalytischen Abbau des rohen Kieferharzes 


Von Akira 
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Da das rohe Kieferharz als Gemisch aus Kolo- 
phonium und Terpenen gehalten werden kann, 
hat der Verfasser zum Versuch genau dieselbe 
Vorrichtung wie beim Kolophonium eingesetzt 
und fast gleicher Weise der katalytische Abbau 
des rohen Kieferharzes durchgefiihrt. Dabei 
wurde natiirlich genau gepriift, ob die Kieselgur 
auch als Katalysator fiir kontinuierliche Abbau 
nach dem Gasphaseverfahren angepasst ist, wie 
es bei dem Kolophonium der Fall ist, und 
welche andere Katalysatoren dann die besten 
Ergebnissen darbringen. 


Zubereitung der Katalysatoren 


Es wurden fiir vorliegende Versuchsreihe 17 fol- 


gende Katalysatoren eingesetzt. 


Japanische Sadureerde Nr. 1: Mit Wasser 
setzt, verformt und aufgetrocknet. 
Japanische Saureerde Nr. 2: In 10% Salzsaure 
eingetrankt, ca. 5 Std lang erhitzt, durch Dekan- 
tierung von Salzsiure getrennt mit Wasser gewaschen, 


Zuge- 


bis das Spiilabwasser neutral wird, und dann auf- 
getrocknet. 

Japanische Saéureerde Nr. 3: Mit 38%. Salzsaure, 
wie oben beschrieben, behandelt. 


Kupferoxyd: Marktbefindliches Kupferoxyd in 
Wasser aufgelést, mit Atznatronlauge behandelt : 
Nach Abspiilen des gebildeten Hydroxyds erhitzt. 

Zinkoxyd: Marktbefindliches Zinkoxyd behandelt, 
wie oben beschrieben. 

Mischkatalysatoren : 


Japanische Saureerde-Aluminiumoxyd (80: 20), 
(70: 30), (50: 50), (30: 70). 
Japanische Séureerde-Zinkoxyd (90: 10), (70: 30) 
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90 + 
80 + NN J.S. (konz. HCI behandelt) 
\y > J.S.4A1,03-H.O (70: 30) 
~_ 2 J.S.+A1,0;-H.O (50: 50) 
2 70} ie 
tf 
. | 
2 J.S.+A1,.0;-H.2O (30: 7u) 
= > J.S.+Al 
= 60+ a > J.S.4Al, (SO,) 
= » J.S.+A1,0;-H2O (80: 20) 
= a ~_\ > J.S.+ZnO (90: 10) 
z —_ > Kieselgur+ZnSO, (96: 10) 
D ’ C OD J.S.+ZnSO, (50:50) 
o _— 2 J.S.+ZnCl, (90: 10) 
50 | —— = 9 J.S.+ZnSO, (70:30) 
ss D J.S. (verd. HCI behandelt) 
2 J.§.+ZnO (70: 30) 
9 J.S.+(Niseki) 
40+ J.S.+ZnSO, (90: 10) 





hae 


© Cu(OH).+Zn(OH), (50:50) 





400 450 


Reaktionstemperatur, 


Abb. 1. Zusammenhang 
der fliissigen Produkte. 


ye ee 


Japanische Siureerde 


Japanische Séiureerde-Zinkchlorid (90: 10). 
Japanische Siéureeerde-Zinksulfat (90:10), (70: 
30), (50: 50). 

Japanische Saéureerde-Aluminiumsulfat (70: 30). 

Japanische Siureerde-Magnesiumoxyd (70: 30). 

Kieselgur-Zinksulfat (90: 10). 

Kupferoxyd-Zinkoxyd (50: 50). 

Die oben genannten Katalysatoren wurden zu 
Kugeln mit gleich grossem Durchmesser vorformt 
wie es beim Abbau von Kolophonium der Fall war, 
und in gleichférmige Reaktionsanlage eingefillt, 
vorgehitzt und aktiviert. 


Versuchsergebnisse und Beitrag dariiber 
Unter Verwendung gleichartiger Reaktions- 
vorrichtung wie bei vorher  beschriebenem 
Kolophonium, wurde das rohe Kieferharz bei 
400, 450 und 500°C Erhitzung gespaltet. Gleich- 
zeitig mit Bestimmung des Gesamtvolumens 
der dabei produzierten Gase, des prozentualen 
Gehaltes an Kohlendioxyd, Olefinen, Wasser- 
stoff, Paraffinen u.s. w. wurden fliissige Produkte 
auf ihr Bildungsverhaltnis gepriift, indem sie 
in zwei Franktionen von denselben von 85 bis 

200°C und iiber 200°C eingeteilt wurden. 


C 


zwischen der Reaktionstemperatur und dem Gewinnungsverhiltnisse 


Aus diesen Werten wurde das Abbauver- 
haltnis von rohem’ Kieferharz  errechnet. 
Daraufhin wurde das Abbauvermégen der 
Katalysatoren miteinander verglichen. Die 


Ergebnisse sind zum erleichterten Vergleich in 
Abb. | und 2 veranschaulicht. Basierend auf 
diesen Ergebnissen wurde folgende Batrachtung 
gestellt. Es war der Zweck der Versuche, 
rohen Kieferharz dem katalytischen Abbau zu 
unterziehen und das Gemisch von verschiedenen 
Kohlenwasserstoffen vom Siedepunkt unter- 
halb von 200°C mit guter Ausbeute darzustellen. 


Aus diesem Standpunkt ist zu finden, dass, 
zwar mit einigen Ausnahmen, der Abbau bei 
450°C das beste Ergebnis lieferte. Alle als 


Katalysatoren eingesetzten Stoffe ergaben mit 
Ausnahme von dem Gemisch des Kupferoxyds 
mit Zinkoxyd gute Resultaten, und zwar wurde 
die Ausbeute von durchschnittlich 35 bzw. 
50°, erhalten. Vor allem erwies sich das 
Gemisch der japanischen Saureerde mit Alumi- 
niumoxyd (50:50) als das Beste. Die dreimalig 
kontinuierlich erfolgte Spaltung von je 100g 
rohem Kieferharz bei 450°C wies fir fliissige 
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Gasentwicklungsmenge, 


Forschung iiber den katalytischen Abbau des rohen Kieferharzes i32 





J.S. (Niseki) 
Cu(OH)2.+Zn(OH)>» (50: 50) 


Oo J.S. (Takeda) 


J.S. (10°e HCI behandelte 
J.S.+Al1,0 
> J. S.4+A1,0.-H-O (80: 20) 


J.S.+ZnSO 


Kieselgur+ZnSO, (90: 10) 
2 J.S.+Al,(SO;)> (70: 30) 

» J.S.+ZnSO, (70: 30) 
-8.+ZnCl, (90: 10) 
S.+A1.0.-H2O (30: 70) 
.§.+A1,0;-H,O (70: 30) 
.8.+ZnO (70: 30) 
-8.+ZnO (90: 10) 
.§+ZnSO,; (50:50) 


(90 : 10) 


es es as Cat et a 


J.S.4+A1,0;-H»O (50: 50) 


J. S.+(konz. HCl behandelt) 





400 450 


Reaktionstemperatur, 


Abb. 2. 
i 


japanische Sdureerde 


Produkte von niedrigem Siedepunkt die Aus- 
beute von 44.5, 58.8 und 65.4%. jeweils auf. 
Dabei wurde ferner bei Beendigung der dritten 
Reaction die Anlagerung freien Kohlenstoffs 
auf dem Katalysator nur als 10g verwogen. 

Als der nachstbeste erwies sich die mit konz. 
Salzsiure behandelte japanische Siureerde. 
Der bei 400°C und 450°C dreimal fortgesetztem 
Abbau von je 500g Ausgangsmaterial zeigte 
fiir niedrigsiedende fliissige Produkte einen 
Mittelwerte von 50% Ausbeute auf. 

Demgegeniibre wurde bei dem Mischkatalysa- 
tor von japanischer Siéureerde und Zinksulfat 
(50:50), japanischer Saéureerde und Zinkoxyd 
(90:10) eine Durchschnittsausbeute von 45% 
erzielt, aber eine erhdéhte Anlagerung freien 
Kohlenstoffs auf den katalysatoren wurde mit 
weniger Haltbarkeit ermittelt. 

Anlagerung des Kohlenstoffs. — Messung der 
Anlagerung freien Kohlenstoffs auf 100g 
Katalysator beim Abbau von 100g _ Roh- 
Kieferharz ergab die Ergebnisse von Tabelle I. 
Aus diesen Ergebnissen ist klar geworden, dass 
bei Katalysatoren aus Aluminiumoxyd, vor 
allem bei japanische Séureerde und Aluminium- 
oxyd Gemisch, die geringste Anlagerung freien 
Kohlenstoffs mit der langsten Haltbarkeit zu 


C 


Zusammenhang zwischen der Reaktionstemperatur und der Gasentwicklungsmenge. 


finden ist. Beim Gemisch der japanischen 
Saureerde mit Zinkchlorid wurde die héchste 
Anlagerung freien Kohlenstoffs mit dem Angriff 
des durch Abbau des Katalysators zu bildenden 
Chlors auf die Reaktionsanlage bestatigt, so 
dass dasselbe als katalysator unmdglich anzu- 
wenden ist. 

Haltbarkeit des Mischkatalysator aus 
japanischer Saureerde und Aluminiumoxyd. 
Nach den obigen Untersuchungsergebnissen 
hat es sich herausgestellt, das der Mischkatalysa- 
tor der japanischen Saéureerde mit Aluminium- 
oxyd als Abbauskatalysator fiir rohes Kieferharz 
das geeigneteste ist. 

Die Priifung der Haltbarkeit erfolgte in 
gleicher Vorrichtung wie es bei Kolophonium 
der Fall war; 178g Mischkatalysator aus 
japanischer Sdéureerde und Aluminiumoxyd 
(70:30), 223ccm nach Volumen, wurden ins 
Reaktionsrohr eingeschickt. Dadurch wurden 
2kg rohes Kieferharz mit 18ccm/Std Raum- 
geschwindigkeit bei 450°C gespaltet. Die 
Ergebnissen sind in Tabelle II verzeichnet. 
Nach diesen Versuchsergeonissen kann man 
wissen, dass sich die Ausbeute fiir niedrigsieden 
den fliissigen Produkte bei Auftragung von 
500 g rohes Kieferharz als maximal erweist. Von 
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TABELLE I. ZUSAMMENHANG ZWISCHEN DEN KATALYSATOREN UND KOHLENSTOFFANLAGERUNGSMENGE 
Katalysatoren A B Cc D 
Japanische Saureerde 450 400 ‘7 
J. Sdureerde (mit 382, HCI behandelt) 500 400 0.9 
4 G 500 500 1.0 
J. Saureerde Aluminiumoxyd 70: 30 450 300 1.0 
4 4 80: 20 450 300 0.6 
4 4 50: 50 450 300 1.0 
4 Z 30: 70 450 300 1.0 
- 1d 30 : 70 450 600 1.0 
? Zinkoxyd 90: 10 450 200 9.0 | 
y y 90: 10 500 200 9.0 
G Y 70 : 30 450 500 3.0 
4 Zinkchlorid 90: 10 450 150 18.0 
Z Z 90: 10 400 150 20.0 
4 Aluminiumsulfat 70: 30 450 400 1.0 
4 Zinksulfat 70: 30 500 400 33 
4 4 50: 50 450 300 6.0 
4 Zinkoxyd 50 : 50 400 400 2.9 
Y 4 50: 50 500 400 2.6 
A: Mischverhialtnis 
B: Reaktionstemperatur, (€ 
C: Ejinsatz des Ausgangsmaterials, g 
D: Kohlenstoffanlagerung (g) bezogen auf 100g Einsatz des Ausgangsmaterials 
TABELLE Il. VERANDERUNGSZUSTAND DER GEWINNUNGSVERHALTNISSE DER ABBAUPRODUKTE AUS 
ROHEM KIEFERHARKZ BE! KONTINUIERLICHEN EINSATZ MIT MISCHKATALYSATOR, JAPANISCHE 
SAUREERDE-ALMINIUMOXYD (70: 30) Bet 45°C 
flussige Produkte gasfOrmige Produkte 
A . . 
g sil Sap. bis Sap. bis c D E F 
100 6 37.3 28.2 16.7 14.6 13.3 53.1 
200 12 37.0 28.5 18.8 15.2 14.4 47.6 
300 18 41.2 29.5 24.9 15.8 2.1 47.4 | 
400 24 43.2 32.6 19.4 14.4 12.2 32.3 
500 30 45.5 5 20.8 12.6 12.8 60.1 
600 36 35.5 43.4 m3 13.2 11.9 58.8 
700 42 32.1 45.1 2 14.4 13.1 55.1 
800 48 Fe 40.6 19.5 15.6 13.8 53.9 
900 54 25.8 38.4 18.8 15.1 11.9 58.2 
1000 60 25.9 39.2 18.3 14.1 14.6 54.4 
1100 66 23.3 44.1 20.2 14.7 14.1 55.8 
1200 72 23.8 40.8 18.2 12.8 11.7 53.9 
1300 78 23.9 39.8 17.6 13.1 13.5 $$..2 
1400 84 eco 42.5 7.2 12.6 15.3 59.4 
1500 90 23.9 38.6 19.4 13.8 11.8 61.2 
1600 96 22.4 34.5 16.2 10.1 13.2 60.8 
1700 102 23.1 38.2 16.4 13.5 13.7 55.7 
1800 108 20.1 34.6 17.3 13.7 13.9 $3.5 
1900 114 16.3 29.8 14.8 15.1 11.6 47.7 
2000 120 17.4 30.6 2 12.6 13.3 49.2 
A: Abtrépfelungsmenge des rohen Kieferharzes 
B: Reaktionsdauer 
C: Entwicklungsvolumen 
D: CO: 
E: Olefine 
ot. 


Diverse Gase 


SSS SSS ———E = 
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dem erreichten fertigen Abbau des 900g 
Roh-Kieferharzes an weist nunmehr der Abbau 
ein ungefahr konstantes Bild auf. Aber 
nachher verschlechtert sich der Abbau selbst. 
Es erweist sich endlich die Ausbeute von den 
fliissigen Produkten mit niedrigem Siedepunkt 
als 30%. Die wiahrend dieses ganzen kon- 
tinuierlichen Abbaus auf den Katalysatoren 
angelagertin Menge des freien Kohlenstoffs 
betrug nur 84g. 

Bestandteile der fliissigen Produkte. — Das 
rohe Kieferharz ist als Kolophonium mit 
Terpenen-Zusatz zu betrachten. Bei den durch 
den katalytischen Abbau hergestellten Produkten 
zeigt das Klophonium’§ keinen _ grésseren 
Unterschied von dem_ rohen_ Kieferharz. 
Insbesondere bei Abbau bei einer hohen Tem- 
peratur liber 400°C kG6nnen die meisten Terpenen 
mit grosser Méglichkeit in gasige Substanzen 
ungewandelt werden. Dieser Umstand ist leicht 
einzusehen, wenn man die gebildete Gasmenge 
bei dem 450°C kontinuier-lichen Kolophonium- 
Abbau unter Verwendung der Kieselgur als 
Katalysator und dieselbe von der gleicherweise 
erfolgten Roh-Kieferharzspaltung bei 450°C 
vergleicht. 

Die Untersuchnng der durch Abbau des 
rohen Kieferharzes dargestellten fliissigen Prod- 
ukte stellte Benzol, Toluol, Xylol, Cumol, 
Pseudocumol, p-Cymol, Naphthalin, Anthracen, 
Phenanthren und Reten fest. Es waren also 
gleiche Ergebnisse wie bei dem bereits be- 
schriebenen Kolophonium. 


Als gasférmige Produkte wurde Wasserstoff, 
Kohlendioxyd, Kohlenoxyd, Olefinen festge- 
stellt. Aber die chemische Zusammensetzung 
der Olefine wurde nicht geforscht. 


Zusammenfassung 


Fiir kontinuierliche Gewinnung der fliissigen 
Produkte von niedrigem Siedepunkte durch 
den katalytischen Abbau des rohen Kiefer- 
harzes hat sich das Verfahren mit den Misch- 
katalysator aus der japanischen Saiureerde und 
Aluminiumoxyd anzuwenden als das Erfolg- 
reichste erwiesen. 

Die Reaktionstemperatur wird am_ besten 
450°C gewahlt, wie es bei Kolophonium der 
Fall war. Es ist interessant, dass die Kieselgur, 
die sich bei Kolophonium bewahrt hat, bei 
dem rohen Kieferharz nicht so sehr gute Ergeb- 
nisse dargebracht hat. Es wurde erkannt, dass 
es sich bei den Abbauprodukten bestandteil- 
missig fast um die gleichen Verbindungen wie 
bei dem Kolophonium. 


Zum Schluss sei es noch bemerkt, dass die 
vorliegende Arbeit unter der Leitung von 
Herrn Professor Dr. Eiichi Funakubo an der 
Technischen Fakultét der Universitat zu Osaka 
durchgefiihrt wurde. 


Chemisches Institut der 
Technischen Fakultdt der 
Universitét zu Osaka 
Miyakojima-ku, Osaka 


An Analysis of Ishikawa’s Equation of State as Applied to the 
Critical Region of Isopentane 


By Tetsuya ISHIKAWA and Minoru IKEDA 


(Received September 29, 1960) 


In the last report of this series of study’, 
one of the present authors (Ishikawa) made a 
close investigation of his equation of state: 
for one mole of gas 

a RT 
er yr V5 


1) T. Ishikawa, This Bulletin, 26, 78, 530 (1953); ibid., 
27, 226, 570 (1954); ibid., 28, 89, 5I5 (1955); T. Ishikawa 


and M. Ikeda, ibid., 26, 516 (1953). 


a—3p.V.", b=V./3 and ¢ is an empirically 
determinable parameter which depends upon 
molecular association, its factor, A, being de- 
fined by him as the ratio of observed P.V. 
RT. to its van der Waals’ value 8/3, or A - (1 

3V.°)/4 at the critical point. He remarked 
that < varies but little with the volume and 
that «-V curves of xenon and neopentane, 
C(CH;);, in the critical region appear alike to 
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consist of three parts, the first part being con- 
cave up to the critical point, or more precisely 
speaking, at first probably showing a minimum 
which is situated at the volume corresponding 
to the minimum of p-V curve plotted by his 
equation, taking « to be that at the critical 
point, and finally a nearly straight line, the 
second part being undoubtedly a long straight 


line starting from the critical point; or, 
TABLE I. 
7 
abe i Fa fobs obs V/8 £1 £17" Eobs 
2.4 64.58 0.08025 0.44730 0.07993 
2.5 53.37 0.07890 0.44580 0.07885 
2.6 46.03 0.07769 0.44470 0.07782 
2.7 41.14 0.07665 0.44434 0.07685 
2.8 38.08 0.07567 0.44401 0.07592 
2.9 36.08 0.07483 0.44424 0.07504 
3.0 34.82 0.07460 0.44791 0.07420 
3.2 33.54 0.07323 0.4455 0.07262 0.14585 
mean 
3.4 33.07 0.07270 0.07117 0.14387 
3.6 32.96 0.07227 0.06982 0.14209 
3.8 32.93 0.07308 0.06858 0.14166 
4.0 32.92 0.07366 0.06741 0.14107 
4.3 32.91 0.07479 0.06581 0.14060 
4.6 32.89 0.07609 N 06434 0.14043 
5.0 32.88 0.07782 0.06258 0.14040 
5.5 32.82 0.07978 0.06062 0.14040 
6.0 32.68 0.08146 0.05889 0.14035 
6.5 32.45 0.08284 0.05734 0.14018 
7.0 32.11 0.08404 0.05594 0.13998 
7.5 31.67 0.08513 0.05467 0.13980 
8.0 31.20 0.08597 0.05351 0.13948 
8.5 30.70 0.08663 0.05244 0.13907 
9.0 30.17 0.08717 0.05145 0.13862 
9.5 29.61 0.08765 0.05053 0.13818 
10.0 29.00 0.08822 0.04967 0.13789 
11.0 27.84 0.08894 0.04819 0.13713 
12.0 26.71 0.08947 0.04674 0.13621 
13.0 25.66 0.08955 0.04551 0.13506 
14.0 24.63 0.08965 0.04440 0.13405 
15.0 23.66 0.08971 0.04339 0.13310 
16.0 22.71 0.09018 0.04247 0.13265 
17.0 21.84 0.09029 0.04161 0.13191 
18.0 21.04 0.09019 0.04083 0.13102 
19.0 20.26 0.09046 0.04010 0.13056 
20.0 19.53 0.09067 
30.0 14.41 0.08848 
40.0 11.28 0.09049 
50.0 9.30 0.08897 
60.0 7.90 0.08878 
80.0 6.07 0.08766 
90.0 5.44 0.08790 
100.0 4.93 0.08720 
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at the critical point the second and higher 
derivatives of ¢ with respect to the volume 
appear to be zero, and the third part being 
convex upward to the maximum which may 
correspond to the volume at which the other 
form of van der Waals’ equation (b—V./3) 
takes the critical pressure. This paper is in- 
tended to analyze the «-V curve by making 
use of Young’s precise PV7T-measurements on 


CRITICAL ISOTHERM OF ISOPENTANE, 187.8°C 


te é, +e€g Ecaled n a — 
0.07993 65.35 +1.19 
0.07885 53.48 +-0.21 
0.07782 45.77 0.56 
0.07685 40.73 1.00 
0.07592 37.68 1.18 
0.07504 35.73 0.91 
0.07420 34.77 0.14 
0.06779 0.14041 0.07323 33.54 + 0.00 
0.06917 0.14034 0.07277 32-13 0.12 
0.07050 0.14032 0.07236 32.88 0.24 
0.07179 0.14037 0.07312 32.89 0.12 
0.07302 0.14043 0.07364 32.94 + 0.06 
0.07481 0.14062 0.07458 33.09 + 0.55 
0.07607 32.91 +0.06 
—- 0.07783 32.87 0.03 
range 
0.07979 32.81 ~0.03 
0.08359 0.08144 32.68 + 0.00 
0.08585 0.08289 4 32.43 0.06 
0.08800 0.08402 , Ps + 0.03 
0.09005 0.08510 31.68 + 0.03 
0.09200 0.08599 3 31.19 0.03 
0.09388 0.08667 | 30.69 0.03 
0.09569 0.08714 30.17 + 0.00 
0.09743 0.08755 29.63 + 0.07 
0.09911 0.08816 29.01 +0.03 
0.10231 0.08906 i 27.82 0.07 
0.10532 0.08956, ~ 26.70 0.04 
0.10817 0.08967 25.64 0.08 
0.11087 0.08941 24.66 + 0.12 
0.11345 0.08977 23.65 0.04 
0.11592 0.09011 pe Oy t+ 0.00 
0.11828 0.09030' 4/3 21.84 +0.00 
0.12056 0.09036 21.03 —0.05 
0.12275 0.09030 20.27 +0.05 
mean +0.21 
0.12487 0.09027 19.56 +0.15 
0.14294 0.09103 1 14.33 -0.56 
0.15732 0.08811 11.32 +0.35 
0.16947 0.08912 9.30 +0.00 
0.18009 0.08935 7.90 t+0.00 
0.19822 0.08830 2/3 6.07 + 0.00 
0.20615 0.08725 5.44 +0.00 
0.21352 0.08597 4.93 +0.00 
total mean +0.20 
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isopentane at the temperature range of 170~ 
200°C, the critical temperature being 187.8°C”. 


Analysis of e-V Curves 


For the estimation of ¢ at each isotherm of 


isopentane, we take the following values: 7. 
187.8 + 273.16°K, pe=25000 mmHg (32.89 atm.), 
d. =0.2343 cm* g~', these values being quoted 
from the same observer’s values on the border 
curve of this substance, M=72.151, R=82.06 
cm* atm. deg~! mol~', log a= 6.9711254, and 5 
102.68 cm* mol 

In the liquid portion below the critical tem- 
perature, it is highly probable as estimated 
that « x V'/* is constant at each isotherm, the 
mean values being 0.4674 (2.4~2.5), 0.4564 
(2.4~2.7), 0.4513(2.4~2.8) and 0.4472(2.4~3.0) 
at 170, 176, 180 and 185°C, respectively, the 
numbers in the parentheses showing volume 
ranges in cm’ g~', and so we have conducted 
similar operation on the ¢ values at and above 
the critical temperature, 187.8, 190, 195 and 
200°C, their mean values being 0.4455(2.4~3.0), 
0.44305 (2.4~3.0), 0.4376(2.4~2.8) and 0.4320 
(2.5~2.6), respectively. These constants are 
denoted by cy’s. 

All these values except that at 170°C, multi- 
plied by each temperature in the absolute scale 
T, gave a constant value 204.89++0.34 (0.17% 
probable error), and therefore each value can 
be written as 204.89/7T. Let « in the liquid 
portion be denoted by ¢«), then ¢; is the prod- 
uct of the above obtained value at each iso- 
therm by V~-'/° or is briefly expressed by 
204.89/TV'/5. In the region of liquid and 
gaseous coexistence, however, « may become 
very complicated as supposed from the critical 
isotherm stated above, so we will make trial 
by taking the sum of «, and ¢« in this region 
to search for « in gaseous form in this region 
which is denoted eg. Unfortunately as Young’s 
data are lacking in this region, we are obliged 
to study the functional form of ¢¢ in the iso- 
therms of from 187.8 to 200°C, above which 
the constant range of «xV’/* in the liquid 
portion apparently disappears. 

As seen from Table I, the values of (¢1+ eons) 
decrease at first, then approach nearly a con- 
stant, and again decrease. 

For a supplementary test we will quote from 
the later PV7-measurements*? on neopentane 
by Beattie, Douslin and Levine together with 
their earlier measurements” at 160.50~160.70°C, 
the critical temperature being 160.60°C already 


2) S. Young, Proc. Roy. Dub. Soc., 12, 374 (1910). 

3) “International Critical Tables’’, Vol. III (1928), p. 244. 

4) J. A. Beattie, D. R. Douslin and S. W. Levine, J. 
Chem. Phys., 20, 1619 (1952). 

5) J. A. Beattie, D. R. Douslin and S. W. Levine, ibid., 
19, 948 (1951). 


treated (see Table Il). The constancy of <x 
V*/* in the liquid portion, V_ -142.9~222.2 cm’: 
mol~', is not so good as those which appeared 
in Table I, yet we dare take their geometric 
mean values as 0.4246. The constant range in 
the region of coexistence distinctly occurs be- 
tween 304.9 and 400cm*mol~', their mean 
value being 0.13721, the range of which is a 
little beyond the upper limit of coexistence at 
160.00°C as referred to Fig. 1 in the earlier 
paper of these observers. 
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v, cm’ g-! 
Fig. 1. e-v Diagram of isopentane at 187.8-C. 


The existence of a constant range of (¢, 
Eovs) aS Observed in this example has given us 
a clue for analyzing the first decreasing range 
up to a constant range: Putting the value 
Eons — {(€1+ Eons) — 0.13721}, where ¢:=0.4246V"/3, 
to be the form c.V”, n and cz being constants, 
we have obtained n=1/3 and c.=1.106X10~-°. 
Similar calculations have given us the respective 
values for isopentane as follows: n=1/3 for 
all the cases and c.’s are 1.105, 1.097, 1.081 
and 1.064x10-* at 187.8, 190, 195 and 200°C, 
respectively, and c.=1.114510~-? at 185°C has 
been graphically obtained from the preceding 
values which are quite linear against tempera- 
ture. At the critical temperature where V= 
V., for neopentane 1.106 x 10-* V.1/3 (V.-=303.0 
cm’ mol!) =0.07429, which is fairly coincident 
with the observed ¢«=0.07411, for isopentane 
1.105x10-2V./3 (V.=4.268 cm’ g-! X72.151= 
307.94) =0.07479, which is also coincident with 
the observed ¢=0.07486. Thus it is highly 
probable that the common form of c,V'/* ob- 
tained above is no other than the required eg 
in each isotherm. This result shows us that 
in the critical isotherm ¢,+¢g=a constant for 
the volume range up to the critical volume, 
or in other words, the molecular complexities 
of liquid and gaseous states are in equilibrium 
for this range. 

In the isotherms above the critical tempera- 
ture, the same phenomenon is also observed, 
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TABLE II. 
pn a 1 fobs fons VV “1 

142.9 0.06630 (0.3466) 
166.7 0.07382 0.4063 
200.0 0.07356 0.4302 
222.2 0.07231 0.4380 

0.4246 

geom. 

mean 
250.0 0.07210 0.06740 
259.7 0.07224 0.06655 
266.7 0.07242 0.06596 
270.3 0.07255 0.06565 
277.8 0.07283 0.06507 
285.7 0.07319 0.06447 
292.4 0.07352 0.06397 
298 .5 0.07385 0.06353 
304.9 0.07421 0.06308 
342.5 0.07466 0.06257 
319.5 0.07508 0.06211 
328.8 0.07565 0.06152 
333.3 0.07592 0.06124 
340.1 0.07634 0.06083 
357.1 0.07733 0.05985 
363.6 0.07771 0.05949 
370.4 0.07812 0.05912 
377.4 0.07846 0.05875 
400.0 0.07961 0.05763 
500.0 0.08331 0.05349 
666.7 0.08585 0.04860 
1000.0 0.08701 0.04246 


but the constant range becomes short and shifts 
to greater volume than the critical volume. 

In these ranges écaica Can be estimated from 
a transformed relation: ¢écatea == €ons— (€1+ €g —a 
constant), without doing the direct analysis of 
Next we consider e-V curve beyond the 
critical volume. Since in the critical isotherm 
of isopentane ¢«,=1.105x10~-*V'/° coincides 
numerically with the observed ¢ in case V=V, 
and so ¢,;—0.4455 V~'/° vanishes as would be 
expected, we may put the change in molecular 
complexity in gaseous state to be the difference 
between the thus computed e, and ¢é,»; at the 
same volume, and assume that this difference is 
proportional to V", or eons =eg—¢3 V", n and c;3 
being constants. This calculation necessitates 
dividing the c-V curve into at least six parts: 
n—4 and c;—6.115x10~-' (6.0~7.0), n--3 and 
¢3=3.124X10-"' (7.5~9.0), n=2 and c3;=2.103 
x10-§ (9.5~14), n=4/3 and c3=2.131x10-° 
(15~19), n=1 and c;=2.398 x10 (20~40), 
and n=2/3 and c;-=3.416x10~* (S0~100), the 
parentheses being volume range in cm’g™! 
Similarly n’s and c;’s of other isotherms have 
been obtained with expected results. For an 
example of the above results, we adopt from 


Eobs- 
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ISOTHERM OF NEOPENTANE, 160.50~160.70°C 


€1+€0b C2 x 107 Se er t+eg 
0.13950 1.108 0.06967 0.13707 
0.13879 1.108 0.07056 0.13711 
0.13838 1.107 0.07124 0.13720 
0.13820 1.107 0.07151 0.13716 
0.13790 1.106 0.07217 0.13724 
0.13768 1.104 0.07284 0.13731 
0.13749 1.103 0.07341 0.13738 
0.13738 1.102 0.07392 0.13745 
0.13729 1.106 

0.13723 mean 

0.13719 

0.13717 

0.13716 _—_ 

0.13717 0.13721 

0.13718 

0.13720 

0.13724 

0.13721 

0.13724 

0.13680 

0.13445 

0.12947 
Table I (critical isotherm) with Fig. 1, in 
which eons is denoted by (|), éons at the critical 
point by €catca by a thick line, ¢,—0.4455- 
V-*'/3 and eg=1.105x10-2 V'/ by dotted and 


fine lines respectively. 
Discussion of the Results 


Ishikawa’s equation of state, though it is 
superior to most of the hitherto published 
equations of state, does not hold quantitatively 
in the critical region, so long as « is assumed 
to be a constant throughout the whole range 
of volume. However, if we consider it to 
consist of sets of volume functions having one 
(c, for the liquid portion) or two (c; and ce, 
c, and c; for the coexistence and gaseous por- 
tions) constants analytically obtained from éops, 
his equation holds for a certain range of volume 
during which the same molecular complexity 
continues. 

In the liquid portion the increase in V'/* or 
in average molecular distance (if it is assumed 
that a molecule is spherical with a diameter 
a, V--xo*N/6 where N=Avogadro’s number, 
and average molecular distance is the distance 
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between the centers of the nearest molecules) 
causes the decrease in ¢, this being consistent 
with the ordinary physico-chemical conception, 
whereas in the liquid and gaseous coexistence 
portion up to the critical volume the increase 
in average molecular distance causes the de- 
crease in ¢ of liquid form, ¢),, and at the 
same time the increase in ¢ of gaseous form, 
€g, this being a case which is usually explained 
by the LeChatelier principle of mobile equilib- 
rium. In the gaseous portion the decreasing 
rate from eg is propotional to the nth power 
of average molecular distance thus: n=12 for 
1.15~1.18 times, n—9 for 1.21~1.28 times, n 
6 for 1.31~1.45 times, and n=4 for 1.50~1.67 
times the average molecular distance at the 
critical point (9.95A according to the above 
assumption). 

According to Warren’s study”? from Stewart’s 
X-ray diffraction measurements on normal 
paraffins from pentane to pentadecane”, the 
long-chain molecules are straight in liquids 
and neighboring molecules are roughly parallel, 
5.65A apart from each other, as if it were the 
diffraction of diatomic molecules, and also 
according to Miller the diffraction ring in 
normal paraffins observed by Stewart is due to 
assemblages of molecules (cybotactic groups), 
the average distance of the nearest approach 
near their melting points being 4.5~5.0A. As 
computed from the relation A= (1+3V,*)/4, 
the molecular association factors of neopentane, 
isopentane and a-pentane at their critical 
points are estimated to be 1.395, 1.402 and 
1.471, respectively, the last being the value 
quoted from the critical constants measured by 
Beattie, Levine and Douslin’’. These values 
are near to slightly polar substances such as 
methyl acetate (1.45), ethyl acetate (1.46) and 
propyl acetate (1.47) than to diatomic molecules 
such as nitrogen (1.29), oxygen (1.20), chlorine 
(1.35) and bromine (1.30). As a summery of 
the present analyses, we give in columns 10 
and 11 in Table I the thus computed pressures, 
Peaica, and their percentage deviations from the 
observed pressures, Pops. On the whole, these 
deviations are so small that they are supposed 
to be experimental errors, since they are within 
less than 0.27% on the average up to 19~20 
cm*g7! 

It is worth mentioning that Ishikawa’s equa- 
tion of state to which the thus suitable analyses 
are applied yields no such discrepancy from 
experiments in the critical region as all other 
equations of state generally do. Fig. 2 shows 

6) B. E. Warren, Phys. Rev., 44, 969 (1933). 

7) G. W. Stewart, Proc. Natl. Acad. Sci., 13, 787 (1927) : 

Phys. Rev., 31, 174 (1928). 

8) A. Miller, Trans. Faraday Soc., 29, 990 (1933). 


9) J. A. Beattie, S. W. Levine and D. R. Douslin, J. 
Am. Chem. Soc., 74, 4778 (i952). 
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( 
aes | + Ishikawa’s equation analyzed 
ay +Baba's equation 


& 
~e 30.0 niles —~ Katayama s equation 
| er 
20. 
15.911 4 Sea eee ee 
0.0 ) 10.0 15.0 20.0 
v, cm’ g™! 
Fig. 2. Critical isotherm of isopentane. 


the comparison of Ishikawa’s equation adopted 
from Table I (thick line, 0.21% deviation up 
to 19cm*g~') with Katayama’s equation’? 
(fine line, 1.81% deviation up to 20cm*g~') 
and Baba’s equation'? (dotted line, 1.96% 
deviation up to 19cm* g~') which were applied 


‘by themselves to the same Young’s data of 


isopentane. 


Conclusion 


The above results lead to the following 
conclusions (1) that liquid associated molecules 
still exist at least 12°C above the critical tem- 
perature, and that they are assembled up to 
the critical volume, as judged from the co- 
existence condition for liquid and gaseous 
States: ¢,+¢,-a constant, where e:=c,V~'/’ 
and ¢, -c.V'/*, the former corresponding to the 
functional form of ¢ for liquid assemblages 
and the latter to the base functional form of 
¢ for gaseous assemblages, (2) that gaseous 
associated molecules exist from the lower point 
on the border curve to the gaseous region, 
and are disassembled from the base functional 
form proportional to the average distance 
stepwise with volume increase by van der 
Waals’ forces of the 12th, 9th, 6th, 4th, 3rd 
and 2nd powers of average distance for their 
respective volume ranges, and therefore (3) 
that the nature of the p-V curve is, from the 
analytical standpoint of view, not continuous 
but discontinuous, and a clear difference in 
the functional forms between ¢«, and ég, and 


10) M. Katayama, J. Chem. Soc. Japan (Nippon Kwagaku 
Kwaishi), 43, 609 (1922). 

11) T. Baba, J. Technol. Res. 
(1960 


Kantozakuin Univ., 5, 1 
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the disappearance of the former at the critical 
volume is a strong proof contrary to the 
hitherto accepted conception of continuity of 
liquid and gaseous states. 
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The Effect of Conformation on Reactivity. III”. Acetolysis of 
the cis-Decalyl p-Toluenesul fonates 
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It has been shown that the strain arising 
from the compression between the tosyl group 
and the hydrogen atom in the 1, 3-diaxial 
positions to each other in the I- and 2-p- 
toluenesulfonates of trans-decalol plays an 
important role in controlling the rate of 
acetolysis”. 

Theoretically no isomeric forms would be 
possible with the trans-decalin molecule due 
to its rigid comformation'», but some rotational 
isomers are found to exist with the cis-decalin, 
the case being analogous to the cyclohexane 
system. Introduction of a substituent into the 
cis-trans-2-decalin molecule would give the 
following two conformations, the equatorial | 
and the axial II. Each of the three other cis- 


x x 
i“ J 
Po S 
(~ fy A 
- ,s - 
I TT 


cis-trans-2-Decalyl derivative 


decalyl derivatives will give similar conforma- 
tional isomers”. Therefore it would not be 
possible to utilize the interpretation given 
for the trans-decalyl system in_ predicting 
reactivities of the cis-decalyl derivatives. 


Present address: Department of Applied Chemistry, 
Osaka University, Miyakojima-ku, Osaka. 

1) Parts I and II of this series: I. Moritani, S. Nishida 
and M. Murakami, J. Am. Chem. Soc., $1, 3420 (1959); S. 
Nishida, ibid., 82, 4290 (1960). 

2) Dauben [Ref. W. G. Dauben, R. C. Tweit and C. 
Mannerskantz, ibid., 76, 4424 (1954)] proposed the pre- 
ferred conformation of various cis-decalyl amines. 

3) W. G. Dauben and K. S. Pitzer, “Steric Effects in 
Organic Chemistry ", Ed. by M.S. Nerman, John Wiley & 
Sons, Inc., New York (1956), p. 25. 


The cis-decalin was found to be less stable 
than the trans-decalin®». This instability would 
be due to a non-bonded interaction between 
the atoms which constitute the cis-decalin 
ring. In other words, 1, 3-diaxial interactions 
are regarded as being responsible for the in- 
stabilities. This is apparent by the examina- 
tion of the structure represented by III; there 
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cis-Decalin 


is a steric compression between the CH: group 
at C, and the hydrogen atoms in the axial 
position at C, and C,. The group involved in 
giving rise to strains in the system under 
consideration differs therefore, as seen above, 
from that found to be participating in the 
system previously studied, i.e., the CH» group 
rather than the tosyl group. It is of consider- 
able interest to see how this type of 1, 3-diaxial 
interaction will affect cis-decalyl derivatives. 

Hiickel*? has made studies on the methanol- 
ysis of cis-decalyl p-toluenesulfonates’, but 
has not correlated the reactivities with con- 
formations. 

It seems desirable therefore to study the 
reaction on a quantitative basis to find the 
relationships between conformation and _ re- 
activity. In this regard, we have undertaken 
a study on rates of acetolysis of the four 
isomers of the cis-decalyl p-toluenesulfonates. 


4) W. Hiickel, Ber., 77., 805 (1944): W. Hiickel, R. 
Bross, O. Fechig, H. Feltkamp, S. Geiger, M. Hanack, 
M. Heinzel, A. Hubele, J. Kurg, M. Maier, D. Maucher, 
G. Naher, R. Neidleind and R. B. Rasingkar, Ann., 624, 
142 (1959) 
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TABLE I. SUMMARY OF THE RATE CONSTANTS 
OF THE ACETOLYSIS OF cis-DECALYL 
p-TOLUENESULFONATES 


Decalyl Temp. 105-k, 4H* AS* 
p-toluene kcal. / 
sulfonate , * sec”! mol. e. U. 
cis-cis-1 75.0 3 
64.77 25.3+0.01 23.6 —5.3 
51.04 5.39+0.06 
41.32 1.70+0.03 

cis-trans-1 95.42 41.4+0.3 28.2 2.1 
85.08 13.3+0.1 
75.0 4.08 
70.45 2.33+0.02 
60.26 0.647 +0.014 

cis-cis-2 90.21 42.5+0.4 27.3 +0.6 
75.36 7.84+0.02 
75.0 7.85 
60.33 1.32+0.01 

cis-trans-2 90.29 45.4+0.2 27.4 '3 
75.61 8.88+0.04 
75.0 8.53 
60.33 1.34+0.004 


TABLE Il. RELATIVE RATES OF ACETOLYSIS OF 
cis- AND trans-DECALYL p-TOLUENESULFONATES 


AT 75.0°C 
Decalyl] Rel. Decalyl Rel. 
p-toluene- rate p-toluene- rate cis/trans 
sulfonate 75.0°C sulfonate 75.06°C 
cis-trans-| : trans-trans-| 0.53 3.9 
cis-cis-1 36.9 trans-cis-1 27.6 cua 
cis-trans-2 4.3 trans-trans-2 3.1 1.4 
cis-cis-2 3.6 trans-cis-2 1.0 3.6 
TABLE III. PERCENTAGE OF OLEFIN FORMED ON 


THE ACETOLYSIS OF DECALYL p-TOLUENESULFO- 
NATES at 100°C 


Decalyl Confor- Percentage 
p-toluenesulfonate mation of Olefin, % 
trans-trans-| le 66 
trans-cis-1| la 90 
trans-cis-2 2e 68 
trans-trans-2 2a 80 
cis-trans-| 81 
cis-cis-1 100 
cis-cis-2 79 
cis-trans-2 74 


The rates of acetolysis of cis-cis-1, cis-trans-1, 
cis-cis-2, cis-trans-2-decalyl p-toluenesulfonate 
were measured at several temperatures. The 
results are given in Table I. Straight-line 
relationships between the rate constants and 
reciprocal of the absolute temperatures were 
obtained. 

The rates of acetolysis of the cis-decalyl 
derivatives were found to be always faster than 
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those of the trans-decalyl derivatives. The rate 
acceleration in the cis-decalyl system appears 
to be due to 1, 3-diaxial interaction, consisting 
of a strain between ring A and B (Table II). 

To provide further evidence, the products 
formed in the acetolysis of the p-toluenesul- 
fonates were determined and the results are 
summarized in Table III. The acetolysis of 
cis-cis-\-decalyl p-toluenesulfonate yielded 
octalin as the principal product. The olefin 
obtained gave only. the white nitroso chloride, 
m.p. 138°C (decomp.), of 4':’-octalin®? by 
treatment with amyl nitrite and concentrated 
hydrochloric acid. The olefin was also identi- 
fied by the infrared and ultraviolet absorption 
spectra* (Figs. 1 and 2). 

On the other hand, cis-cis-2-decalyl p-toluene- 
sulfonate gave 80% of an olefin which was 
identified to be disubstituted by the ultraviolet 
absorption spectrum, Fig. 2 and 20% of acetate. 
The rate of acetolysis of cis-cis-1-decalyl p- 
toluenesulfonate is expected to be comparable 
to that of trans-trans-\-decalyl p-toluenesulfo- 
nate as illustrated in IV and V. 


. OTs 


IV Vv 
cis-cis-1-Decaly| trans-trans-1-Decalyl 
tosylate tosylate 
70 : l 


TF 


| OTs 


H 


However, the rate of the former was found to 
be 70 times faster than that of the latter. This 
marked difference in reactivity would then be 
ascribed to characteristics inherent to the ring 
systems or their conformation, since it has 
been known that cis-decalin is less stable 
than the trans-decalin by 2.2 kcal./mol.*. It 
would then be reasonable to suppose that the 
1, 3-diaxial interaction present in the ground 
state of cis-decalin ring system is responsible 
for the exceedingly fast rate of the cis-decalyl 
derivatives. The mechanism involved contains 
obviously a weakening of the strain in the 
course of attaining the transition state by 
loosening the carbon-hydrogen bond at Cy, 
with simultaneous formation of a_ partial 
double bond between C,; and Cy. This decrease 
in strain is due to a displacement of C, from 
the axial to the equatorial position with 
respect to the A ring as shown in 


5) A. C. Cope and G. Holzman, J. Am. Chem. Soc., 72, 
3062 (1952). 

An olefin obtained from an acetolysis of trans-cis-\- 
decalyl p-toluenesulfonate showed exactly the same 
infrared and ultraviolet absorption spectra as those of 
the olefin obtained in this study 
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Fig. 1. ------ Infrared absorption spectra; curve 1, the olefin obtained on the acetolysis 


of cis-cis-1-decalyl p-toluenesulfonate ; curve 2, /,':%-octalin®. 
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Fig. 2. Ultraviolet absorption spectra; curve , : 
. . oe Pr : a VI and VII. Supposing the conformation of 
1, the olefin obtained on the acetolysis of fee f ; b 
cis-cis-1-decalyl p-toluenesulfonate ; curve 2, the transition state O! frans-trans-\- to De 
the olefin obtained on the acetolysis of cis- similar to that of cis-cis-1-, the free energy of 
trans-\-decalyl p-toluenesulfonate; curve 3, activation which controls reactivity can be 
the olefin obtained on the acetolysis of cis- represented as shown in Fig. 3, in which 
cis-2-decalyl p-toluenesulfonate; curve 4, AF*..-; indicates the free energy of activation 
tetrasubstituted olefin; curve 5, trisubstituted for cis-cis-l- and JF*,,-; for trans-trans-1- 
rene: — bond); curve 6, disubsti- decalyl p-toluenesulfonate. The energy differ- 
> ence between cis- and trans-decalin in the 
.. ground state would then be J4F._ Thus cis- 
ip ol HY ide oe viaiiaeitiiimaciee a wis 
te a . a cis-1-decalyl p-toluenesulfonate should contain 
o ain _ i YT ‘a - 1. a . 
hg /" iil ly less free energy of activation than does the 
9| Ts ™ + 
| 130, Hf trans-trans-\-decalyl p-toluenesulfonate by J4F 
7 a g st indicating a higher reactivity of the former. 
axia - . . ° e 
This rate-accelerating factor participates only 
at Vi vil in the elimination reaction. In other words, 
cis-cis-1-Decalyl tosylate (transition state) . . 7 . 
the rate-accelerating factor is operating only 
(more strained) (less strained) . 


when J':’-octalin is formed as a result of the 

6) A.C. Cope, R.J. Cotter and G. G. Roller, J. Am. cleavage of the cis-decalin ring. Our result 
Chem. Soc., 77, 3594 (1955). . . > 3 

: < S ace ys ») "1S-CLS-1-1-GeCC3a os 

7) P. Bladon, H. B. Henbest and G. W. Wood, J. Chem that the acetol) iS of cis-cis-| | dec uly! P 

Soc., 1952, 2737 toluenesulfonate yielded only JJ':’-octalin is 
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well in accord with the interpretation based on 
the above consideration. 

cis-trans-1-Decalyl p-toluenesulfonate, an epi- 
mer of cis-cis-decalyl p-toluenesulfonate, was 
found to be less reactive than the cis-cis-1- 
decalyl derivative, the former being 17 times 
less reactive than the latter. 

The preferred conformation of the cis-trans- 
l-decalyl derivative is represented by VIII and 
it will be seen that the Czy is in the equatorial 
position with respect to ring A*». Accordingly, 


A at 
“4 {ors 
~8 1 


Vill 
cis-trans-1-Decalyl tosylate 


in the transition state a partial double bond 
should be formed between C; and Cs, in con- 
formity with the explanation given for the cis- 
cis-|1-decalyl derivative. But the decrease of the 
strain of the cis-decalin ring will be expected 
to be much smaller than that observed with the 
cis-cis-\-decalyl derivative. Thus, the contribu- 
tion of strain in the acceleration of the reaction 
rate would be exceedingly small. This predic- 
tion was well supported by our experimental 
results, which showed that reactivity of cis- 
trans-\-decalyl p-toluenesulfonate was smaller 
than that of cis-cis-1-decalyl p-toluenesulfonate 
but greater than that of trans-trans-\-decalyl p- 
toluenesulfonate by a factor of 3.9, and that 
the olefin obtained in 80% yield consisted of 
a mixture of tri- and disubstituted octalin 
instead of trisubstituted J':’-octalin as a major 
product (Fig. 2). 

The distance between the carbon atom at 
the reaction center and the site of the ring 
fusion at Cy-C;) in the cis-2-decalyl derivatives 
is not sufficiently small to affect their reaction 
rates, as observed with the 1-decalyl derivatives, 
but strains of the type we have proposed are 
considered to participate in giving higher 
reactivities compared with the trans-cis-2-decalyl 
derivative (2-equatorial). 

The preferred conformation of the cis-cis-2- 
decalyl p-toluenesulfonate shows that the 
hydrogen in the axial position at C; or C; is 
involved in giving rise to 1, 3-diaxial interac- 
tion. In the transition state, there will be a 
decrease in strain by partial breaking away of 
the hydrogen in the axial on either C; or C 


. 


The other conformation (Ref. 2) of cis-trans-1- 
decalyl p-toluenesulfonate is expected to show a reactivity 
comparable to that of cis-cis-l-derivative. This is not 
the case however. Our results were not in agreement 


with this. 
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after having formed a partial double bond 
between C; and C, or C;. This requires less 
free energy of activation and consequently 


cis-cis-2-decalyl p-toluenesulfonate is expected 
to be more reactive than trans-cis-2-decalyl p- 
toluenesulfonate with which no such situation 
is possible. The prediction is well supported 


Pa 


Ln Dots 
ZA — HH 
IX 


cis-cis-2-Decalyl tosylate 
(more strained) 


by the results that trans-cis-2-decalyl p-toluene- 
sulfonate gives the olefin in only 68% while 
cis-cis-2-decalyl p-toluenesulfonate 80%. 

Since the C. in the cis-trans-2-decalyl p- 
toluenesulfonate molecule, represented by X as 
the preferred conformation, takes a _ planar 
structure in the transition state in both the 


XI 
(transition state) 
(less strained) 





cis-trans-2-Decalyl 
tosylate (more strained) 


substitution and elimination reactions, a de- 
crease of 1, 3-diaxial interaction which has 
been present in the ground state would be 
expected, resulting in the increased reactivity. 
This is well demonstrated by the results of 
the kinetic studies; the cis-trans-2-decalyl 
derivative is 4.3 and 1.4 times more reactive 
than trans-cis-2-decalyl p-toluenesulfonate (2- 
equatorial) and trans-trans-decalyl p-toluene- 
sulfonate (2-axial), respectively. 

The present study with the cis-decalyl p- 
toluenesulfonates and the previous one with 
the trans-decalyl sulfonates point to the fact 
that 1, 3-diaxial arrangement, rather than the 
nature of the atoms or groups, is important in 
giving rise to strain. The data presented here 
and the foregoing discussion have provided 
further evidence to support the importance of 
1, 3-diaxial interaction in controlling reactivi- 
ties of the conformational isomers of the 
decalin derivatives. 


Experimental 


Materials. — cis-cis-1-Decalol. -- a-Naphthol was 
reduced with Raney nickel and the crystalline 
material formed in the reaction mixture after 
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collection and recrystallization from petroleum 
ether, had m. p. 92~93°C». 

cis-trans-1-Decalol.—The last fraction collected 
from the distillation of the reduction product of 
a-naphthol was distilled through a 45-cm. distilling 
column, under reduced pressure and the fraction 
boiling at 130~132°C/20mmHg was collected. 
cis-cis-1-Decalol was removed by collecting crystal- 
line material from a solution of the distillate in 
petroleum ether (50~60°C) and also crystals 
formed on concentrating the mother liquor. The 
oily filtrate weighing 6g. was allowed to react with 
5.8 g. of phthalic anhydride for 6hr. at 135~140°C. 
The solid product obtained on cooling was recrys- 
tallized three times from benzene, twice from 
carbon tetrachloride and once from benzene, to 
give 7g., m.p. 140~142°C%, 

The ester weighing 7g. was hydrolyzed with 
100 ml. of a 5% alcoholic solution of potassium 
hydroxide under reflux for one _ hour. After 
addition of water, it was extracted five times with 
50 ml. portion of ether. The combined ether 
extracts were washed with water and dried over 
anhydrous magnesium sulfate. The ether was 
removed by distillation and the residue distilled to 
give 3g. (83% yield), b. p. 116~117°C/20 mmHg. 

cis-cis-2-Decalol._-A_ solution of 300g. of §- 
naphthol in 300 ml. of ethanol was hydrogenated at 
140~145°C under 200 atmospheric pressure, using 
25g. of Raney nickel as catalyst. The reaction 
mixture contained some crystalline material. The 
product was liquified by warming and the catalyst 
separated by filtration while warm. After cooling 
solution, the crystalline needles were collected and 
recrystallized once from alcohol and once from 
petroleum ether to give 80g. of cis-cis-2-decalol, m. 
p. 104~105°C'™. 

cis-2-Decalone’.—To a solution of 30 g. (0.19 mol.) 
of cis-cis-2-decalol in 120 ml. of glacial acetic acid 
was added cautiously 15g. (0.15 mol.) of chromium 
trioxide in a concentrated aqueous solution so that 
the temperature did not rise above 50°C. After 
allowing the reaction mixture to stand for two 
days at room temperature, it was heated on a 
water bath for two hours. It was cooled and 
a solution of 40g. of potassium hydroxide in 
200 ml. of water was added dropwise under ice 
cooling. The reaction mixture was extracted four 
times with ether and the ether solution washed 
with a saturated solution of sodium bicarbonate, 
followed by a saturated solution of sodium chloride. 
After drying the ether solution over anhydrous 
magnesium sulfate, the ether was removed and the 
residue distilled to give 24g. (81% yield) of 
material,  b.p. 124.5~125.5°C/20 mmHg, _ nt}: 
1.4945. 

cis-trans-2-Decalol'».—To a 
(0.035 mol.) of 
was added Sg. 


solution of 
cis-2-decalone in 100 ml. 
(0.22 mol.) of metallic 


yD 
ethanol 
sodium. 


8) W. Hiickel and E. Brinkmann, Ann., 441, 21 (1925). 


9) W. Hiickel, R. Danneel, 
ibid., 502, 99 (1933). 

10) W. Hickel, Nach. Ges. Wiss. Géttingen Math.-Phys. 
Klasse, 1923, No. 1, 43-56; W. Hiickel and R. Mentzel, 
Ann., 441, 8 (1925). 

11) W. Hiickel, R. Mentzel, E. 
Kamenz, ibid., 451, 109 (1926). 


A. Gross and H. Naab, 


Brinkmann and E. 
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When the reaction was complete, water was 
added and the oil which had separated was ex- 
tracted five times with ether. The combined ether 
extracts were washed with water, dried over 
anhydrous magnesium sulfate, the ether removed, 
and the residue distilled to give 4g. (75% yield) 
of material, b.p. 120~121°C/13 mmHg. After 
standing overnight the distillate, cis-cis-2-decalol in 
crystalline form (2.5g.) was separated from the oil 
(1.5 g). 

A reaction product formed by treating 4.3g. of 
the oil with 4.3g. of phthalic anhydride for six 
hours at 135~140°C was treated with petroleum 
ether to give a solid product. It was dissolved in 
a small amount of acetone to remove some insolu- 
ble material and the crystalline material obtained 
upon adding some petroleum ether was recrystal- 
lized from ethyl acetate to give 7.7g. of the 
phthalate of cis-trans-2-decalol, m. p. 151~152°C!®. 

The fraction boiling at 134~135°C/20 mmHg, 
13.5g., obtained from the reduction product of §- 
naphthol was treated with 13g. of phthalic anhyd- 
ride for six hours at 135~140°C. After treating 
the reaction product in the manner described above, 
ll g. of the ester was obtained, m. p. 146~150°C. 

Upon hydrolysis of the phthalic acid ester as 
described previously, 4.3g. (75% ‘yield) of the 
fraction boiling at 120~123°C/12mmHg was ob- 
tained. 

cis-trans-2-Decalyl p-nitrobenzoate?» was prepared 
by the reaction of the fraction obtained above with 
p-nitrobenzoyl chloride in dry pyridine, m. p. 73~ 
mo. 

Found: C, 67.35; H, 7.26; N, 4.49. Calcd. for 
C17H21O,N : C, 67.31; H, 6.98; N, 4.62%. 

A solution of 7g. (0.023 mol.) of the p-nitroben- 
zoate in 100ml. anhydrous ether was added drop- 
wise to a mixture of 3.5g. (0.092 mol.) of lithium 
aluminum hydride in 50 ml. anhydrous ether and 
the reaction mixture refluxed for six hours. After 
allowing it to stand overnight, the excess hydride 
was decomposed by adding a small piece of ice 
and 100ml. of 6N hydrochloric acid. The ether 
layer was separated, washed with water, and dried 
over anhydrous magnesium sulfate. After removing 
the ether, the residue was distilled to give 3g. 
(84% yield) of material, b. p. 121~123°C/12 
mmHg. 

cis-Decalyl p-Toluenesulfonates».—-The method 
employed was identical with that described for the 
preparation of the trans-decalyl p-toluenesulfonates. 
However, for the preparation of cis-cis-2-decalyl p- 
toluenesulfonate, it was found necessary to use 
1.5 mol. equivalent of p-toluenesulfonyl chloride 
for one mole of the decalol in order to obtain a 
pure product. cis-cis-1-Decalyl p-toluenesulfonate 
was found to be very unstable and the analytical 
results obtained did not check closely with the 
calculated values, but the melting point of the 
decalol and the p-toluenesulfonate were in good 
agreement with those reported. 

cis-trans-1-Decalyl p-toluenesulfonate was purified 
by recrystallizing from methanol to remove cis-cis- 
1-decalyl-p-toluenesulfonate, which was readily 


12) W. Hiicke!l and K. Kumetat, Ber., 67, 1890 (1934). 
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decomposed by this treatment. Other p-toluenesul- 
fonates were recrystallized from petroleum ether of 
appropriate boiling point. 

The melting points and analytical results of the 
cis-decalyl p-toluenesulfonates prepared are given in 
Table IV. 


TABLE IV. THE MELTING POINTS AND ANA- 
LYTICAL DATA OF THE CiS-DECALYL 
p-TOLUENESULFONATES 


Found : 
Decalyl p-tolu- = Pete sare 
enesulfonate A, - m 
Oo o 
cis-trans-1 88~89 cc: &3 &: 7. 
cis-cis-1 96 Cc: &2. &: 7.9 
cis-trans-2 88~89.5 C: 6.9% HH: 7.83 
cis-cis-2 76~77 C: 66.14 H: 8.05 
Caled. for C;;H»,0,S 
C: 66.20 H: 7.84 
TABLE V. REPRESENTATIVE KINETIC DATA FOR 


THE ACETOLYSIS OF 0.0179 mol./1. cis-cis-2- 
DECALYL p-TOLUENESULFONATE WITH 
0.0185 mol./1. POTASSIUM 
ACETATE AT 90.21°C 


Time HCIO, 10*-k, 
sec. ml. sec™! 
0 3.661 — 
600 2.894 4.24 
1500 2.073 4.17 
2100 1.644 4.26 
2400 1.476 4.26 
2700 1.316 4.30 
3120 1.175 4.18 
3660 0.963 4.27 
4200 0.828 4.22 
5520 0.562 4.32 

co 0.248 


Mean 4.25+0.04 


Rate Measurements.—The rate determinations 
were made by the procedure previously described). 
A typical kinetic run is shown in Table V. 
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Determination of the Proportion of Unsaturated 
Products.—Amounts of unsaturated substances 
formed in the reaction were determined by the 
bromide-bromate method". 

Acetolysis of cis-cis-1-Decalyl p-Toluenesul- 
fonate.—-Twelve grams of cis-cis-1-decalyl p-toluene- 
sulfonate were dissolved in 290 ml. of an acetic acid 
solution of 14g. of potassium acetate. This solution 
was warmed for fifteen minutes at 100°C ona 
steam bath. After cooling 250 ml. of 25% aqueous 
solution of sodium hydroxide was added to the 
above solution. The solution was extracted with 
ether, dried over anhydrous magnesium sulfate, 
the ether was removed and distilled to give 4g. 
(76% yield) of material, b.p. 84~86°C/23 mmHg. 
The acetate was not obtained. 

One gram of this product was mixed with 3 ml. 
of acetic acid solution of two grams of isoamyl 
nitrite. Cooling the solution, 2 ml. of concentrated 
hydrochloric acid was added dropwise with swirling. 
The white precipitate was separated by filtration 
and washed with a few milliliters of acetone. The 
residual white nitrosochloride of 4'!:-octalin (0.9 g.) 
had 128~130°C (decomp.)'®. Two recrystallizations 
of this white nitrosochloride from acetone gave an 
analytically pure substance, 138°C (decomp.)'®. 
The blue nitrosochloride of J'-%-octalin was not 
obtained from the acetone filtrate. 

Found: C, 59.16; H, 7.88; N, 6.98. Calcd. for 
CioHigNOCI: C, 59.55; H, 8.00; N, 6.95%. 
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13) J. D. Roberts and V. C. Chambers, J. Am. Chem 
Soc., 73, 5039 (1951); H. G. Lucas and D. Pressman, Ind. 
Eng. Chem., Anal. Ed., 10, 140 (1938). 

14) R. A. Bendeser, R. E. Robinson, D. M. Sauve and 
O. H. Thomas, J. Am. Chem. Soc., 77, 3230 (1955). 
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The Polymerization of Vinyl Acetate 
Catalyzed by Iodine 


By Kozo Hirota and Fukuo TAKEMURA 
(Received July 12, 1961) 


Recently it was reported by the present 
authors” that a-methylstyrene (aMS) could be 
polymerized with iodine, making an example 
of iodine-catalyzed high-polymerization in ad- 
dition to vinylether?. Now, it has been con- 
firmed that vinyl acetate (VAc) also belongs 
to another monomer of this kind. Since the 
polymerization of this monomer, however, is 
slightly different from those of a@MS and 
vinylether, and moreover, the peculiar behavior 
of iodine in polymerizing VAc was not 
mentioned at all by Bartlett et al.°? who studied 
rather the role of iodine as inhibitor at its low 
concentration, essential points of this reaction 
will be reported. 

Vinyl acetate was sealed in glass tubes 
together with iodine after degassed and de- 
hydrated. The reaction was carried out at 
room temperature by shaking the tubes, because 
the reaction system remained heterogeneous in 
the case of a large amount of iodine. Besides 
the increase of viscosity the polymerization 
could be recognized by gradual precipitation 
of deep violet substance on the wall from the 
solution, but the precipitation did not occur 
so rapidly, e.g. it occurred after a day in the 
solution of 9 wt.% iodine. Such a _ tendency 
of separating colored “polymers” was not 
observed in the case of aMS, where the poly- 


mers could be separated by the addition of 


methanol. Conversions of the monomer ob- 
tained at 160 hr. are plotted against the initial 
concentration of iodine in Fig. 1. lodine 
begins to exhibit its polymerizing power at 
the concentration of Il wt.% as suggested by 
the shape of the curve and this fact agrees 


1) K. Hirota, G. Meshitsuka, F. 
Tanaka, This Bulletin, 33, 1316 (1960). 

2) D. D. Eley and A. W. Richard, Trans. Faraday Soc., 
45, 425 (1949). 

3) P. D. Bartlett and H. Kwait, J. Am. Chem. Soc., 72, 
1051 (1950). 


Takemura and T. 
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Fig. 1. Conversion of vinyl acetate to the 


insoluble polymer against the concentra- 
tion of iodine. 


with the finding of Bartlett and Kwait® as 
mentioned above. 

The polymer is hard, brittle and amorphous, 
according to the X-ray pattern. It does not 
melt below 310°C. Jodine content is about 
14~18%, though the concentration of iodine 
in the solution is varied from 4~15%. Infrared 
spectrum of the polymer shows that this poly- 
mer includes carbonyl and methyl groups. It 
is insoluble in ordinary organic solvents*, and 
hardly soluble even in aqueous potassium 
iodide solution at 80°C, suggesting that iodine 
is firmly occluded or bonded to the polymer. 
The molecular weight therefore can not be 
determined yet. This result presents a sharp 
contrast to the case of vinylether. According 
to preliminary measurement, this polymer 
seems to have specific resistance of about the 
order of 10°~10° ohm/cm. 


We express our sincere thanks to Dr. Kenji 
Osaki of the Physical Department for the 


* Besides the main polymer as described, a small 
amount of polymerized product which was soluble in 
petroleum benzine could be obtained. 
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X-ray measurement of the samples, and also to 
Mrs. Kiyoko Kishi for the help of the experi- 
ment. 
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On the Formation of Benzoin by the 
Reaction of Carbon Monoxide with 


Organometallic Compounds* 
By Membo RYANG and Shigeru Tsutsum! 
(Received July 20, 1961) 


In the previous papers, the present authors 
reported that the reaction of carbon monoxide 
with organometallic compounds produced a 
coordinate complex as an intermediate, followed 
by the formation of the carbon monoxide 


adducts A. 
RM+CO » (Coordinate » R-C-M 
complex) O 
where M=MgxX®, Li, Na”. (A) 


The adduct A is reactive and further reacts 
with excess of organometallic compounds, 
producing various reaction products, in which 
included acyloin, the dimerization product of 
the adducts A. 


2 RC-M » 2 R-C-OM > 
R-C=C-R > R-C-CH-R (1) 
00 O OH 
MM 


Fisher and Stoffers already reported the for- 
mation of acyloin by the reaction of carbon 
monoxide with Grignard reagents at high 
temperature and elevated pressure”. 


* Presented at the 14th Annual Meeting of the Chemi- 
cal Society of Japan, Tokyo, April, 1961. 

1) M. Ryang and S. Tsutsumi, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 82, 878 (1961). 

2) M. Ryang and S. Tsutsumi, ibid., $2, 880 (1961). 

3) M. Ryang and S. Tsutsumi, ibid., in press; M. Ryang 
and S. Tsutsumi, Tech. Rep. Osaka Univ., 11, 181 (1961). 

4) F. G. Fisher and O. Stoflers, Ann., 500, 253 (1930). 
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This report deals with an attempt to prepare 
acyloin under more mild conditions and it 
was found that, in the reaction of carbon 
monoxide with phenylmagnesium bromide in 
ethyl ether solution at — 35°C, the addition of 
cobalt(I]) chloride led to the formation of 
benzoin as a main product (Table run 3). 


TABLE. THE REACTION OF CARBON MONOXIDE 
WITH PHENYLMAGNESIUM BROMIDE IN THE 
PRESENCE OF COBALT(II) CHLORIDI 


— Theoretical yields of products, % 
Temp. Time 


= hr. Benzo- Triphenyl- 
Diphenyl Benzoin phenone carbinol 
- 10 1 80 trace Fe trace 
a a 2 44.2 12.5 22 12 
. S : a: 30 35 trace 5 


On the other hand, the absence of cobalt(II) 


chloride under the same conditions gave a 
very poor yield. 
From the above results, it is considered 


that although phenylcobalt chloride, which is 
formed by the reaction of phenylmagnesium 
bromide with cobalt(II) chloride (Eq. 2), is 
unstable, it reacts with carbon monoxide at 
low temperature, producing benzoin as a main 
product. 


PhMgBr +CoCl, >» PhCoC! + MgBrCl (2) 


On the other hand, when reaction tempera- 
ture is rather high (—10 or ~—20°C), phenyl 
radical is formed as a result of homolytic 
cleavage of the carbon-cobalt bond and dimerizes 
to diphenyl (run 1) or reacts with carbon 
monoxide in producing benzophenone (run 2). 


PhCoCl » Ph- -CoCl 
2 Ph- >» Ph-Ph 
2 Ph- + CO >» Ph-C-Ph 
Oo 


Furthermore, in the reaction of carbon mono- 
xide with phenyl potassium, which is prepared 
by the reaction of anisole with metallic 
potassium in pentane solution, benzoin (25%), 
benzhydrol (2.3%), benzoic acid (4%) and 
benzaldehyde (trace) are produced. 

All these results mentioned above seem to 
support the opinion that, in the reaction of 
carbon monoxide with organometallic com- 
pounds, the carbon monoxide adduct A is 
formed and dimerizes to acyloin or further 
reacts with excess of organometallic compounds, 
producing various reaction products. 


Department of Chemical Technology 
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A Novel Resin Spot Test for Copper(I1) 
Using a Chelating Resin*:'? 


By Masatoshi FuJIMOTO 
(Received August 10, 1961) 


“Resin spot test*?” has proved its wide- 
spread utilities by many interesting works of 
the present author and other chemists*?. This 
sensitive test is based mainly on the intense 
coloration of a few grains of light-colored ion 
exchangers by the up-take of trace amounts of 
colored substances from outer solution phase, 


TABLE 


Jon Coloration, pimitine proportion’ 
Ti(V) cl(W_) 1.4: 42 (1 : 63)¢ 
V(IV) ImYe(Ol) 1:2 (0.4 : 64) 
Cr(iib) bIPu(diGry) 1:27 C1. > 2.2) 
Cr(VI) yeGry (Ol) 0.4: 32f (1.4: 13) 
Mn(Il) — cl(cl) 1 : 900 (0.5 : 1300) 
Fe(III) dlOr (cl) 0.7 :. 27 (1 : 540) 

Co (ID puRe(cl) 0.4: 180¢ (0.4: 1807) 
Ni(ID) plGrn (cl) 1.4:8 (0.2: 21) 
Cu(Il) ItgrnBl (it- 0.2 (0.2) 
grnBl) 
Zr(IV) cl(W)) 0.4 : 580 (0.4 : 580-—) 
Mo(VI) _ cl(cl) 0.2: 720+ (0.2: 720+) 
Pd (Il) YeOc(YeOc) 1.6: 48F (1.8 : 24—) 
Ag (1) cl(1tYe) 1: 400+ (0.7: 520) 
W(VI) cl(cl) G.7 £290 (0.7 : 275+) 
Pt(IV) tYe)(ItYe,) 0.7:200+ (0.7: 200+) 
Au(II}) = dlreOr, (It- 1.6: 67 (1.6 : 67) 
ReYe,_) 
Th(IV) — cl(cl)) 0.7: 27% (1.2 : 160+) 
U(VI) ImYe(plYe) 0.2 : 360 (0.4 : 320) 
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and are easily attained much higher sensitivities 
as compared with those of ordinary spot test". 

In this communication the author suggests 
a new possibility to lend high selectivities to 
the resin spot tests through applications of a 
sort of special resins having chelate-forming 
groups as functional groups. The resin used 
here is “ Dowex A-1 Chelating Resin”, a resin 
of styrene-divinylbenzene basis with imino-di- 
acetate group, whicih adsorbs preferentially 
palladium(II) and copper(II) at about pH 5%». 

The commercial resin supplied as sodium 
form, 50--100 mesh, was packed in a column, 
converted into ammonium form via free-acid 
form, washed with de-ionized water, and dried 
at room temperature. -A buffer solution of pH 


I 
. me Limiting proportion, 

lon Coloration Cu(II) (ug): Foreign ion (ug) 
Zn (Il) cl (cl) 0.4: 800 (0.5 : 600) 
Cd) cl(cl) 0.4: 800 (0.4 : 800+) 
Hg (II) cl (cl) 1 : 390 (1 : 390—) 
AL(IID cl(cl) 0.5: 1400~—- (1: 1000—) 
Ga(lIll) — cl(cl) o.7: (0.7 : 530) 
In (III) cl(cl) 0.3 : 330 (0.5 : 290) 
TIC) cl(cl) 0.3 : 680 (0.3 : 680) 
Ge(IV)  cl(cl) 0.4: 90- (0.4 : 90) 
Sn CI] cl(cl) 1:800+¢ ( ) 
Pb(II) cl(W,) 0.4: 2000+ (1: 1250) 
Sb (IID WwW) (W,) 1.3: 70+TF (1.6: 40) 
Bi(III) W )(W)) 1.3 : 760+77 (1.6 : 460+) 
Te(IV) — cl(cl) 1.4: 27 (3.2232) 
Mg(II) — cl(cl) 0.2: 1800 (0.4: 1600) 
Ca (II) cl(cl) 0.25 : 1420+ (0.4: 1300+) 
Sr (IL) cl(cl) 0.3: 3000 (0.4: 2800) 
Ba (II) cl(cl) 0.4: 1140+ (1: 720-) 


a Coloration of the resin beads after about an hour caused by the large amounts of foreign ion 


only. Color code: bl, bluish ; 


Bl, blue; cl, colorless; dl, dull; grn, greenish; Grn, green; 


Gry, gray; Im, lemon; It, light; Oc, ocre; Ol, olive; Or, orange; pl, pale; pu, purplish; 
Pu, purple; re, reddish; Re, red; W, white; ye, yellowish; Ye, yellow. | shows the pre- 


cipitation on the resin beads. 


b +: The limiting proportion was improved with the lapse of time. —: 
+: The color at the very edge of the resin beads was 
+t: A drop of supernatant solution after mixing each one drop of the buffer 


portion was rather lowered with time. 
observed. 


The limiting pro- 


solution and the test solution was subjected to the test 


c In parentheses are shown the articles in the case, when after about 


phosphoric acid is added. 


10min. a drop of 1F 


d This value of limiting proportion was obtained only after being kept overnight in a moist 


chamber. 


* 


XVII. 

1) Part XVI of the Series: M. Fujimoto, This Bulletin, 
33, 864 (1960). 

2) M. Fujimoto, ibid., 3, 283 (1957). 

3) M. Fujimoto, Chemist-Analyst, 49, 4 (1960). 


Microanalysis with the Aid of Ion-exchange Resins. 





4) M. Fujimoto, This Bulletin, 29, 600 (1956). 

5) W. I. Childs, “‘ Properties of a Chelating Resin”, 
Preprint of a paper from 135th Meeting, American Chemi- 
cal Society, Boston, Mass., April, 1959; “*‘ Dowex A-l 
Chelating Resin”, Brochure of The Dow Chemical Com- 
pany, Code No. 164—80 (1959), p. 2. 
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TABLE 


Time after mixing 


(Resin spot test 


Limit of identification 
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Il 
10 min. 20 min. 


0.8 0.4 


for copper(II) in #g. by /Resin centrifuge method 0.2 — 


4.7 was prepared from 1 F acetic acid and 1F 
ammonium acetate. 

In Table I are shown colorations of the 
resin beads with diverse metal ions under 
various conditions. In some cases the color- 
ation in the resin beads for copper(II) was 
found to be rather improved in a slightly acid 
medium added with phosphoric acid. The follow- 
ing procedure was thus proposed for the specific 
detection of minute amount of copper(II) with 
the chelating resin without any specific reagents 
added. 

In a depression of a white spot plate mix a 
few grains of Dowex A-1 Chelating Resin in 
the ammonium form with a drop (0.04 ml.) of 
the 1F acetate buffer of pH 4.7. (Minute 
amount of tiny resin beads can easily be added 
in the depression only by touching a clean tip 
of a thin glass rod with the resin beads in a 
reservoir and by tapping gently the rim of the 
deppression with the tip portion of the rod). 
After a few minutes, add a drop of the test 
solution and allow to stand for about ten 
minutes. Then observe a more or less intense 
yellowish green to light greenish blue color 
developed in the edge of the resin beads under 
magnification. If the beads are covered with 
some other colors, add a drop of 1 F phosphoric 
acid and again observe the change in color at 
the edge of the resin beads. Since the chelate 
formation in the resin phase seems to be 
somewhat delayed, it would be desired to wait 
for an hour or more, preferably overnight, 
the spot plate being kept in a moist chamber 
free from any dust. It is also recommended 
to use the “resin centrifuge method” to 
attain rapidly the highest sensitivity (see Table 
II). The time-dependency of the limit of 
identification for copper(II) in the present 
test is shown in Table II. 

The influences of diverse metal ions on the 
present test are also summarized in Table I, 
in which are shown the limits of identification 
for copper(II) and limiting proportions in the 
presence of other metal ions. Further details 
for the proposed method will be reported 
elsewhere. 


The author is indebted to Dr. A. J. Barnard, 
Jr., The J. T. Baker Chemical Company, and 
to Dr. J. R. Skidmore, Dow Chemical Com- 
pany, for their kindness supplying him a 
sample of Dowex A-1 Chelating Resin and 


many valuable informations through the data 


sheet. 


Laboratory of Analytical Chemistry 
Department of Chemistr\ 
Faculty of Science 
The University of Tokyo 
Hongo, Tokyo 


Effects of High Energy Ionizing Radiation on 
Crystallinities of Cellulose II, III and IV 


By Hiroshi Sospuve and Yoshitami Saito 
(Received July 24, 1961) 


‘Several reports of the effects of ionizing 
radiation on cellulose I? are known. In this 
communication, the effects of ionizing radiation 
on the crystalline regions of cellulose II, Il 
and IV were reported. 

We used viscose rayon as cellulose II. 
Cellulose III was prepared by treatments of 
the cellulose If in liquid ammonia at about 

78°C for four hours, and the ammonia was 
removed above 0°C, and then the sample was 
dried at room temperature. Cellulose IV was 
made from cellulose II by treatments in gly- 
cerin at 260~265°C for one hour, then glycerin 
was washed off with ethanol and then the 
sample was dried in vacuo. 

The samples were wrapped with aluminum 
foil and irradiated, cooling at about 78°C 
with dry ice, by electron beam from a van de 
Graaff till total dosages were attained to 10’, 
5x10’, 10° and 3x 10* rad. 

The crystallinities of the samples were deter- 
mined by acid hydrolysis method and also by 
X-ray diffraction method, estimating the crystal- 
linity by the ratio of crystalline diffraction 
areas to total diffraction areas (Hermans 
method?”?). 


1) R. E. Glegg and Z. I. Kertesz, J. Polymer Sci., 26, 
289 (1957); F. A. Blouin and J. C. Arthur, Text. Res. J., 
28, 198 (1958); Y. Shinohara and H. Tanzawa, High Poly- 
mer Chemistry Meeting of Japan, November, 1958. 

2) P. H. Hermans and A. Weiding, J. Polymer Sci., 4, 
135 (1949). 
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Fig. 1. The relationship between irradiation 
dosage and crystallinities by acid hydrol- 
ysis of celluloses. 
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Irradiation dosage, rad 
Fig. 2. The relationship between irradiation 
dosage and water soluble parts of cellu- 
loses. 
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The relationship between dosage and crystal- 
linties by acid hydrolysis of celluloses is shown 
in Fig. 1. By the irradiation up to 5x10’ 
rad, the decrease of crystalline regions is not 
observed for all celluloses. But by the irradia- 
tion of above 5x10’ rad, in all types of cellu- 
loses remarkable lowering of crystallinities was 
observed. 

The relationship between dosage and crystal- 
linities by X-ray diffraction method is illus- 
trated in Table I. There are not remarkable 
differences between X-ray diffractive crystal- 
linities of unirradiated samples and those of 
samples irradiated with 10'~3x 10° rad. 

Thus, the crystallinities of these celluloses are 
quite different depending on the measuring 
methods. The reason is explained as follows ; 
large crystallites in the samples are degraded 
into small ones by the irradiation, but total 
crystalline areas determined by X-ray dif- 


TABLE I 


Crystallinities by X-ray 


Radiation . 
diffraction method, % 


Dose 
(rad) Cellulose If Cellulose HI Cellulose IV 
Unirradiated 62.9 5 ee 62.7 
10? 62.0 78.1 63.2 
5 x 107 62.2 65.0 64.2 
10° 61.7 65°8 59.9 
3 x 10° 61.7 62.5 59.0 


fraction almost do not change. However, the 
velocity of acid hydrolysis becomes much 
greater as the crystallites are smaller. 

In Fig. 2, plots of water-soluble parts of 
celluloses versus dosage are shown. For each 
cellulose, the water soluble part increases 
rapidly by irradiation of above 10° rad. Saeman 
et al.’ reported that almost all parts of cotton 
linter become water soluble by 5x 10* roentgen 
of Cathode ray in the Resonant-Transformer. 
From these results it is clear that cellulose is 
degraded to lower molecular weight substance 
by 3~5~x 10° rad. 


Department of Applied Chemistry 
Faculty of Engineering 
The University of Tokyo 
Hongo, Tokyo 


3) J. F. Saeman, M. A. Millett and E. J. Lawton, Ind. 
Eng. Chem., 44, 2848 (1952). 
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Transformation of Swertiamarin to Genrtiopicrin. 
The Structure of Gentiopicrin 
By Takashi Kuspota and Yutaka ToMiTA 
(Received July 17, 1961 
was re- 


In a preceding communication, it 


ported that swertiamarin, the bitter component 
of Swertia japonica Makino, is represented by 


structure I'’, and that dehydration of the tertiary 
hydroxyl group of swertiamarin acetate (II) 
with potassium bisulfate and acetic anhydride 
affords monoanhydroswertiamarin acetate, C 
H.;,O;; (IID), m.p. 143~144°C which shows 
bands in its ultraviolet absorption spectrum at 
246 my’ log: 3.44 and 259” loge 3.37 
However, on further purification by chro- 
matography and by recrystallization the melting 
point of Il was raised to IS51~152-C (IIIA), 
and the ultraviolet absorption spectrum showed 
a band at dmax 245 mye loge 3.65 and no band 
at 269m. On the other hand, II treated with 
BF. in AcOH at low temperature for 3 hr. 
afforded a dehydrated product (IIIB) as color- 
137~138-°C. The ultraviolet 
absorption spectrum showed a band only at 
270 my: log < 3.8 and none at 246my/. There- 
fore, the monoanhydroswertiamarin acetate 
(111) described in the previous paper’? is a 
mixture of IITA and IIIB and from the ultra- 
violet absorption spectra the following formulae 
are given for IITA and IIIB respectively. (Fig. 
1). The fact that a greater amount of IIIA is 
produced by the dehydration reaction with 
potassium bisulfate than the more stable triene 


less plates, m_p. 


HO 
H 
«4 


> 


HO 
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indicates the relationship 
between the hydroxyl group at C,; and the 
hydrogen atom at C; to be in cis to each 
other. In the case of the dehydration reaction 
with BE double bond migration of IIA 
occurs by the action of BF; and consequently 

Il gives the stable IIIB. 

The infrared absorption spectrum of IIIA 
shows a band at 12.2 % which is due to the 
tri-substituted double bond. Therefore the 
tertiary hydroxyl group of I must exist at C, 
and not at C;. From these results, an alterna- 
tive structure of swertiamarin IA’ can be 
excluded. 

In order to establish the structure of gentio- 
picrin a detailed study on its degradation re- 
actions was carried out by Asahina, Asano, 
Tanase and Ueno On the basis of their data 
the several possible structures were suggested 
by Sakurai Korte’ and-.,Canonica and 
Pelizzoni'’, respectively. Although, Canonica 
and Pelizzoni» have recently proposed the 
formula IV as the most probable structure for 
gentiopicrin, the definite evidence for its carbon 
skeleton is lacking in their paper. If the 
structure IV is correct, IIIB, a monoanhydro 
derivative of If should be identical with 
gentiopicrin acetate. 

.Now it has been confirmed that IIIB and the 
acetate, m. p. 139°C, of gentiopicrin, extracted 
from the root of Gentiana scabrae, are identical 
in their infrared absorption spectra. 

Concerning the structure of swertiamarin, 
the correctness of the carbon skeleton of I has 
been definitely demonstrated by synthesis of 
erythrocentaurin”, the hydrolysis product of 
swertiamarin with emulsin, and by  trans- 
formation of swertiamarin to gentianin? as 
reported in the previous papers. Although 
structures were suggested for gentio- 
picrin, the structure IV proposed by Canonica 
and Pelizzoni has been established to be correct 
from the above-mentioned results. 


type isomer IIIB, 


several 
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Osaka City University 
Kita-ku, Osaka 


Asahina, J. Asano, Y. Tanase and Y. Ueno, Ber 
771 (1936); Y. Asahina and Y. Sakurai, ibid., 72, 1534 


Korte, ¢ Ber., 87, 512, 780 (1954 
Canonica and F. Pelizzoni, Gaz 


. Canonica, F. Pelizzoni, P. Manitto and G 
dron Letters, 24, 7 (1960) 
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Reactions of Picryl Ether with 


Amino Compounds 


By Kazuo SATAKE, Masaru TANAKA, 


Yasuharu TSUZUKIDA and Shoji SHiMA 
(Received June 26, 1961) 


The cleavage of phenyl! ether linkage, either 
in acidic or alkaline medium, has been achieved 
only under vigorous conditions. In this respect, 
ammonolysis of picryl ether was proved to be 
an exceptional case. Picryl ether (TNP-OC.H.* 
m. p. 77.5~78.5°C?; TNP-OC;H; m.p. 151~ 
152°C”) gave picramide (m.p. 187~188-°C 
Amax Mt (e X10~' ): 325 (1.14), 415 (0.86)) and 
N-methylpicramide (m. p. 109~110°C3 Zin. me 
(ex 10~-*) : 346 (1.60) with a marked shoulder 
at 418 mst) only by dissolving the ether into 
hydrated ethanol solution of ammonia (7.5 N) 
and methylamine (5N), at room temperature, 
respectively. The results of spectrophotometric 





i) } 
— 


400. ~~—«450 


250 300 





350 
Wavelength, my 


Fig. 1. Aminolysis of picryl phenyl ether (1) 
TNP-OC;H;, in N/10 HCI in 5020 ethanol 
TNP-OC,H; was previously dissolved into 
(2) N NaOH, (3) 7.5N NH3, (4) 5N CH;NH2 
and (5) 3.6N(CH;).NH, in 50%. ethanol, and 
the mixture was acidified with HCI exactly 
after 1 min. Final concentrations were 
1.0x10°4M in all cases. The spectra (3), (4) 
and (5) were just the same as those of 
picramide, N-methyl- and WN, N-dimethyl- 
picramide of 1.0x10~4M, respectively. The 

formation of 


spectrum (2) indicated some 


picric acid under the action of alkali. 






* TNP is an abbreviation for picryl (2, 4, 6-trinitro- 
phenyl). 
1) C. Willgerodt, Ber., 12, 1277 (1879). 
2) C. Willgerodt, ibid., 12, 1278 (1879). 





SHORT COMMUNICATIONS 





34, No. 9 






[ Vol. 





investigation”, as illustrated in Fig. 1, indicated 
that the ammonolysis of picryl ether proceeded 
almost immediately with quantitative vield. 
The most remarkable fact was different 
behaviors of the both picryl ethers with 
dimethylamine; thus the phenyl ether gave 
V, N-dimethylpicramide (m. p. 137~138°C; 
2 mf (¢xX1l0°'): 380 (1.38)) immediately, 
vhile the ethyl ether did not even after 24 hr. 
under the conditions described in Fig. 1. With 
the use of excess amounts of dimethylamine 
(Tokyo Chemical Industry Co., Ltd.; Guaranteed 
Reagent), there was observed some formation 
of N-methylpicramide, presumably being origi- 
nated from the contaminated methylamine. 
Reaction of the same type occurred in much 
less alkaline medium (pH 8), and not only 
with amine but also with amino acid. Thus 
equimolar mixtures of glycine and picryl ethyl 
ether and of proline and picryl phenyl ether 
in borate buffer (pH 8.0) at room temperature 
gave TNP-glycine (m.p. 161°C 3 Amax me (eX 
10~*): 340 (1.25) ) and TNP-proline (m. p. 164 
~165°C $ A; myt (¢ X10~'); 362 (1.29)) with 
excellent yield, Some _ typical 
results on the reaction in analytical scale are 
summarized in Fig. 2, together with those of 


respectively. 











Picry lation, 














Time, hr. 


Fig. 2. Picrylation of g 


proline ( ) 

1) with TNP-OC.H, ( 

2) with TNP-OC,;H-. (—--@—) 

3) with TNP-SO,H | ) 

4) with TNP-Cl (--A--) 

The initial concentrations of amino acid and 
picryl compounds were 1.010°4M in an 
equi-volume mixture of M/1I5 borate buffer 
(pH 8.0) and ethanol. 

The picrylations of glycine (a) and proline 
(b) were estimated from the increment of 
optical density at 340my and at 360 my re- 


spectively 


lycine and 


(see Fig. 1). 





3) The details of procedure were described in K. Satake, 
M. Tanaka and H. Shino, J. Biochem., 3, 6 (1961). 
4) van Romburgh, Rec. trav. chim., 2, 105 (1883). 
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trinitrophenylations with TNP-Cl? and TNP- 
SO,;H*®? under the similar conditions. 

It will be of interest that picryl ether is a 
powerful trinitrophenylating agent even under 
physiological condition. The ether 
the chloride, a well-known trinitrophenylating 
reagent of protein, has been already reported 
to produce allergic dermatitis and to produce 
in antibody which reacts with TNP-protein on 
their repeated contact with skin. The 
described in this paper will explain why picryl 
ether is a precursor of antigenic TNP-protein 
in vivo. 

The details on trinitrophenylation of protein 
with picryl ether will be described elsewhere. 


as well as 


facts 


Department of Chemistr) 
Faculty of Science 
Tokyo Metropolitan University 
Setagaya-ku, Tokyo 


5 Tr. Okuyama and K. Satake, J. Biochem., 47, 454 (1960) 
6) K. Satake, T. Okuyama, M. Ohashi and T. Shinoda, 
bid., 47, 654 (1960) 
7) |. A. Brownie and W. K. Cumming, Biochem. J., 40, 
640 (1946); P. G. H. Gell, Brit. J. Exptl. Path., 25, 174 (1944) 


New Catalysts for the Nucleoside Synthesis 


by Fusion Method 


By Yoshiharu IsHipo and Tetsuo Sato 


(Received June 27, 1961) 


Recent studies’? in this laboratory indicated 
that purine nucleosides could be synthesized 
merely by fusing a mixture of purine and 1- 
O-acyl sugar derivatives under reduced pressure 
in the presence of p-toluenesulfonic acid or 
zine chloride. 
9- 3-p-ribofuranosyl 2-methylthio-6-chloropurine 


(Ill) from 2-methylthio-6-chloropurine (1) and 
1,2, 3, 5-tetra-O-acetyl-3-p-ribofuranose (11) may 


be formulated as follows: 


1) T. Sato, T. Simadate and Y. Ishido, J. Ch Son 
Japan. Pure Chem. Sec. (Nippon Kagaku Zass 81, 1440 
1960); tbid., 81, 1442 (1960); T. Simadate, Y. Ishido and 
lr. Sato, ibid., in print; T. Simadate, ibid., in print 
2) B. Helferich and E. Schmitz-Hillebrecht, Ber., 66 
3 (1933); ibid., 67, 1667 (1934); ibid., 68, 790 (1935 K 
Sisido, J. Se Chem. Ind. Japan (Kégy6 Kwagaku Zasshi), 
39, 456, 459 (1935); H. Bretschneider and K. Beran, 
Vionatsh., 80, 262(1949); B. Helferich and D. V. Kasheliker, 
Chem. Ber., 90, 2094 (1957); B. Helferich and I 
bid., 93, 2467 (1950) etc. 

3) B. Helferich and L. Forstoff, ibid., 94, 158 (1961) 
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For example, the synthesis of 
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\cOCH OAc 
™ CH; COOH 


Catalyst 


OAc OAc 
Il 


cH.s % 
NH 
CH;0OH 


AcOCH, HOCH. O 


OAc OAc 


For the synthesis of O-glycosides by the 
similar fusion method, various acidic catalysts 
have been used 

Recently, Helferich et al. scrutinized the 
catalytic effect of several acids, including newly 
hydrochloric acid, sulfuric acid, oxalic acid and 
phosphoric acid, for the O-glycoside formation 
and found anhydrous methanesulfonic acid to 
be the most effective catalyst as far as being 
examined. 

The present authors wish to report that 
anhydrous methanesulfonic acid was 
fective than concentrated sulfuric acid and that 
concentrated phosphoric acid was almost inef- 
fective for nucleoside (N-glycoside) synthesis. 

7-5-p-Ribofuranosyl theophylline (VI): To 
a fused mixture of an equivalent amount of 
theophylline (V) and II, concentrated sulfuric 
acid was added, and the mixture was subjected 
to react at 130~140-C for about ten minutes, in 
vacuo. The cooled reaction mixture was then 
dissolved into chloroform, and a small amount 
of unchanged V was filtered off. After neutral- 
ization of the filtrate with methanolic ammonia, 
the solvent was removed in vacuo to dryness, 
and then deacetylated with methanolic ammonia 
in the usual manner. The deacetylated syrup 
was crystallized by trituration with a small 
amount of ethanol and recrystallized from 
ethanol. IV was obtained as fine 
48%, yield of theoreticals, m. p. 
la] 25° (c¢ 0.50, water). This 
depression on admixture with an authentic 
When anhydrous methanesulfonic 
acid was used as a catalyst, the yield was 41 
theoreticals (m. p. 182~186°C). 

In the similar manner, III (in both cases of 
concentrated sulfuric acid and of anhydrous 
methanesulfonic acid, the yields were 39 and 15 


less ef- 


needles in 
189~190-C, 
showed no 


specimen 


4) G. A. Howard, B. Lythgoe anc 
Soc., 1947, 1052 
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respectively), 9-,5-p-ribofuranosyl 2-methythio- 
6-bromopurine (30.5% yield, in the former case) 
and 9-5 (?)-p-ribofuranosy! 2-methylthio-6-iodo- 
purine {44.8% yield, in the former, m. p. 188 
~189-C (decomp.), [a]i}—24.1- (e 0.38, 50% 
methanol), Ama 237 myer (¢--17490), 262 mys 
(< 14840) in water. Found: C, 31.39; H, 3.11; 
N, 13.35. Caled. for C::H:;N,O,SI: C, 31.37: 
HM, 207 5; WN, 135.21 were obtained. 
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Detailed results will be published elsewhere. 
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